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HO can estimate the value of the 

telephone in the daily lives of 
millions of men and women... in 
time and money saved, in increased 
efficiency, in security and priceless 
help in time of need! 

Contact, communication, swift 
interchange of ideas—these bene- 
fits the modern world offers you. The 
telephone is one of the chief instru- 
ments by which you can seize them. 


With it at your elbow you are ready 
for what may come — for opportunity, 
for emergency, for the brief word 
that may open a fresh chapter in 
your life. 

NOW IN EFFECT—Special Sunday 
Rates for station-to-station Long Distance 
telephone calls, and Reduced Person-to- 
Person Rates after 7 Every Evening and 
All Day Sunday. The reductions apply, 
in general, to calls on which the day sta- 
tion-to-station rate for three 

minutes is more than 35 cents. 


BELL TELEPHONE SYSTEM 
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READY IN MARCH 


COMPLETE, THOROUGH-GOING, MODERN IN EVERY DETAIL 


TECHNICAL 
DRAWING 


wiTH Problems and Lettering Workbook 


By 


F. E. Giesecke, A. Mitchell, and H. C. Spencer, 
of the Agricultural and Mechanical College of Texas 


This whole text is so clear and complete that it should re- 
lieve the instructor of much additional explanation in the 
classroom, and it is thoroughly up to date. Particularly 
full material is given on fundamentals such as geometrical 
construction, projection, pictorial representation, dimen- 
sioning, and working drawings. The arrangement of 
material and pedagogical theory are consistent with the 
changing trend in the teaching of drafting. The standard 
practices recently adopted by the Standards Committee of 
the A.S.M.E. are followed. All illustrative material is 
exceptionally good. Most of the illustrations in the Stand- 
ards have been reproduced, many working drawings from 
manufacturers, and other up-to-date illustrations. A very 
large number of problems is included. Probable price, $3.00. 


THE MACMILLAN COMPANY 
60 Fifth Avenue New York 
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NEW WILEY BOOKS 
New Books “ New Editions 


THE DESIGN OF REINFORCED CONCRETE 
STRUCTURES 


By Dean Jr., Associate Professor of Structural Design, 
Massachusetts Institute of Technology. 


A textbook which explains in a consecutive and expanded manner the enor- 
mous number of details that ge into the making of a reinforced-concrete 
design. Theory is given first, followed by illustrative designs. Emphasis is 
placed on fundamentals. Ready in April. 


Approximately 477 pages 6 by 9 Probable price, $5.00 


ELEMENTS OF PRACTICAL AERODYNAMICS 
By Brapiey Jones, Professor of Aeronautics, University of Cin- 
cinnati. 
This new textbook gives a simple exposition of the elements of aerodynamics, 
for beginning students. Up-to-date design formulae are described, and the 
more than two hundred problems have been carefully selected because of 
their practical value. Special topics include two chapters on induced drag 
in monoplanes and biplanes, respectively. Ready in April. 
Approximately 348 pages 6 by 9 Probable price, $3.50 


AN INTRODUCTION TO THE METALLURGY 
OF IRON AND STEEL 
By Hersert M. Boyuston, Professor of Metallurgy, Case School of 
Applied Science. 
Second Edition 
A revised and modernized edition of a leading textbook. The book covers 
process metallurgy, or separation of the metal from its ores and refining it, 


mechanical metallurgy, or the working of steel, and the metallography and 
heat treatment of iron and steel. Ready in March. 


Approximately 554 pages 6 by 9 Probable price, $5.00 


AN ELEMENTARY TREATISE ON 
STATICALLY INDETERMINATE STRESSES 
By J. I. Parcen, Professor of Structural Engineering, University 
of Minnesota, and G. A. Maney, Professor of Structural Engineer- 
ing, Northwestern University. 
Second Edition 
This book, widely used in its first edition, presents the fundamental methods 
of attack on the problem of indeterminate stresses, and illustrates these 
methods by application to some of the more common types of indeterminate 
structures. It includes the latest material on slope deflection analysis, the 
Cross Moment Distribution method, rigid frames, suspension systems, and 
other topics. Ready in April. 
Approximately 430 pages 6 by 9 Probable price, $5.00 


SEWERAGE 
By A. PrescorT S8e.D., Editor of ‘‘ Public Works.’’ 
Eleventh Edition 


A revised edition which brings this standard textbook completely up-to-date. 
Ready in April. 


¢ JOHN WILEY & SONS, INc. - 
‘440 Fourth Avenue New York, N. Y. 


Im 
Co 
| 
Con 
Ney 
T-S 
Civi 
Nee 
See: 
Approximately 414 pages 6 by 9 Probable price, $4.50 
Colle 
Book 
Sumr 


THE JOURNAL OF 
ENGINEERING 
EDUCATION 


Published by the Society for the Promotion of 
Engineering Education 


Published under the Supervision of the Publication Committee. 
D. S. Anderson, C. C. Williams, F. L. Bishop, Editor, University of Pittsburgh. 
Published at Prince and Lemon Sts., Lancaster, Pa. 


Act of March 3, 1870. 


New Seri Subscription Price, $3.00 per 
Vol. XXVI, No. 7. Marcu, 1936 


TABLE OF CONTENTS 


Imponderables. Douglas S. Anderson, President ...........--+++++++++ 505 
Madison, City of Four Lakes. L. F. Van Hagan ..............eseeeees 508 
Conference on Chemical Engineering: 

Study of Chemical Engineering Laboratory Instruction in the United 


States. Ogburn, Jr. 511 
Study of Chemical Engineering Unit Operations Laboratory Direc- 
Laboratory Methods and Equipment Used in Teaching Distillation. 
Joseph H. Koffolt and James R. Withrow ..............+-000- 531 
Value of Industrial Inspection Trips to Chemical Engineering Labora- 


Comprehensive Examinations for Honors Group Student in Electrical Engi- 
neering at Massachusetts Institute of Technology. R. H. Frazier... 543 


Sections and Branches: 
Engineering and the New Physics. W. F. G. Swann .......... 560 


College Notes 
Book Reviews 


| 


HEADQUARTERS OF THE SOCIETY 


UNIVERSITY OF PITTSBURGH, PITTSBURGH, PA. 


OFFICERS OF THE SOCIETY, 1934-35 
President 
D. S. AnpErson, Tulane University, New Orleans, La. 


Vice-Presidents 
P. H. Daacert, Rutgers University, New Brunswick, N. J. 
S. B. Earte, Clemson Agricultural College, Clemson College, S. C. 


Secretary 
F. L. BisHop, University of Pittsburgh, Pittsburgh, Pa. 


Treasurer 
W. O. Witey, John Wiley & Sons, New York City 


Assistant Secretary 
Nett McKenry, University of Pittsburgh, Pittsburgh, Pa. 


0: 
a 

. 

m 

Se 
of 
tr 
tu 
sit 

th 

to! 
Er 
rey 
of 
sin 
| to 
ing 

cin 
the 
ties 

| son 
lar 

org 

the 
tive 
you 

| the 
dev 

him 

ject: 

for 

prin 


IMPONDERABLES 


By DOUGLAS S. ANDERSON, President of the Society 


For forty years of its existence the Society for the Promotion 
of Engineering Education refrained from setting itself up as an 
accrediting or standardizing agency, in which attitude it differed 
quite distinctly from the associations of the professional schools of 
medicine and law. The necessity for such standardization for 
schools of medicine and law lies in the fact that the practice of each 
of these professions is regulated by statute and the privilege of en- 
trance into the profession must be secured through legally consti- 
tuted channels. 

The engineering profession is now facing a somewhat similar 
situation in the rapidly increasing adoption of registration laws 
throughout the country. As stated by Dean Daggett in an edi- 
torial in the October 1935 issue of THE JoURNAL OF ENGINEERING 
EpvucatTion the principle of engineering registration is now an ac- 
complished fact in all but thirteen of the states. This is a matter 
of outstanding importance to the schools of engineering for the 
simple reason that the engineer of the present and of the future is 
to be a college trained product. But at the same time proper rec- 
ognition must be given to the fact that the profession of engineer- 
ing is to be one of very much wider scope than that of either medi- 
cine or law, particularly when one heeds the insistent demand that 
the engineer must be prepared to assume his fullest responsibili- 
ties in the social and economic problems of our modern civilization, 
some of whose most prominent features are regarded by so many as 
largely a result of his activities and inventions. 

When the Engineers’ Council for Professional Development was 
organized in 1932 its purpose was stated as the enhancement of 
the professional status of the engineer, and its immediate objec- 
tive, the development of a system whereby the progress of the 
young engineer toward professional standing can be recognized by 
the public, by the profession, and by the man himself through the 
development of technical and other qualifications which will enable 
him to meet minimum professional standards. 

As an important step in the attainment of this immediate ob- 
jective the Committee on Engineering Schools has adopted a basis 
for the accrediting of these schools which embodies most excellent 
principles and gives promise of avoiding some of the errors which 
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have been found to exist in several of the more prominent stand- 
ardizing or accrediting agencies of this country. 

The most valuable features of the E. C. P. D. system are the 
avoidance of absolute minimum standards of educational processes, 
the accrediting on the basis of individual curricula rather than on 
the basis of the school as a whole, and the emphasis on qualitative 
as compared with quantitative criteria. 

It is this last feature of the emphasis on qualitative criteria 
which suggested the title to this brief editorial. Quantitative data 
are easy to secure; the same thing may be said of certain of the 
qualitative criteria, which it is proposed to evaluate through visits 
of inspection by committees of qualified individuals. The ‘‘im- 
ponderables’’ in an institution, as the name implies, are difficult 
of evaluation, because of their subjective rather than their objec- 
tive character. There are certain large and well-established engi- 
neering schools with extensive material equipment and faculties 
of distinguished scientific and engineering men, the accrediting of 
which would be almost a matter of form. On the other hand there 
are other schools with far less equipment, with less distinguished 
men on their faculties and with reputations extending not far be- 
yond the sections they serve, which are doing excellent work and 
turning out a product in the form of small graduating classes of 
men who have demonstrated their ability to measure up to the best 
standards of the profession. These schools have in them a good 
measure of what have been termed the ‘‘imponderables.’’ And 
when they are inspected by ‘‘committees of qualified individuals’’ 
it is going to be the solemn duty of these individuals to search out 
carefully and sympathetically these imponderables. Paradoxical 
as it may sound there are imponderables which may be discovered 
and even weighed. 

The writer recalls an experience which came to his attention a 
number of years ago when attending a meeting of a national scien- 
tifie society at a large university which had a comparatively small 
school of engineering. A small group of visitors were making a 
somewhat casual inspection of a certain laboratory when one of 
them in language more forceful than tactful characterized its equip- 
ment as being fit only for the junk heap. And yet there had 
gone out from that same laboratory small groups of graduates, a 
number of whom stand at the very top of the profession in the 
respective lines of activity which they represent. Much of the 
engineering instruction received by these men came from a devoted 
professor of physics, who had the ability and the imagination to 
see the practical applications of the fundamental principles which 
he taught with so much zeal and inspiration. 
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Colleges of arts and sciences throughout the country are giving 
serious consideration to this problem of standardizing and there is 
evidence of dissatisfaction on all sides with certain of our me- 
chanical standards which permit of easy measurement and evalua- 
tion. 

Let us turn our attention to the problem of adjusting our cur- 
ricula, of directing the activities and the social and the community 
life of the student in the four short years he is with us, so that we 
may, in the words of President Wriston, ‘‘make the appeal which 
matches his dearest and most secret ambition—to be a significant 
person, physically, intellectually, emotionally, spiritually.’’ 
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Srate CAPITOL oF WISCONSIN 


MADISON, CITY OF THE FOUR LAKES 


By L. F. Van HAGAN 
Professor of Railway Engineering | 


The City of Madison in the State of Wisconsin, where the mem- 
bers of the Society and their wives and families will gather in 
annual meeting next June as guests of the University of Wisconsin, 
has won for itself, among the people who know it, a reputation for 
attractiveness and charm. The reputation rests, in part, upon the 
loveliness of its setting and, in part, upon the character of its 
people, who have been drawn to the city largely by the business of 
the state and by the attractions of the university. It is a city 
clean and unspoiled by the grime and squalor of large industries; 
native elms shade its streets, which, in the residential sections, are 
lined with pleasant homes in the midst of smooth lawns and bright 
gardens. 

One hundred years ago the region was a favorite resort of the 
Winnebago Indians who called it Tay-cho-pera, ‘‘Region of the 
Four Lakes.’’ The landscape is rolling in the casual style typical 
of moraine country, and from the high points stretch vistas of blue 
water in all directions, for Madison surrounds in whole or in part 
three large lakes, Mendota, Monona, and Wingra. The Indians, 
by the way, did not seem to take account of the last-named lake, 
but included in their count two other nearby lakes, Waubesa and 
Kegonsa. Perhaps the Indians loved the place for its beauty ; cer- 
tainly they loved it for its fishing. Pike and bass thronged the 
waters of Mendota and Monona and gave the men of the tribe the 
thrill of fighting game fish, while perch, croppies and blue gills 
were there for the catching by the women and children. To-day 
the sport still flourishes, and Madison boasts its ardent fishermen. 
The Indians evidently dwelt long in the land for they left many 
of their so-called mounds in the vicinity. Some of the mounds 
have been preserved and marked. One of the effigy mounds can 
be seen on the hill near the observatory on the campus. 

The site of the City of Madison was selected deliberately by the 
pioneer citizens of Ouisconsing (‘‘the gathering of the waters’’) 
who created: the new settlement as the seat of state government and 
the home of the state university. There is reason to believe that 
the fathers were not motivated altogether by ssthetic considera- 
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MADISON, CITY OF THE FOUR LAKES 509 
tions. It was a boom time in land speculation, and perhaps a tiny 
bit of chicanery and manipulation inserted itself in the important 
business of deciding where the city should stand; but, regardless 
of circumstances, no one has since regretted the choice. The busi- 
ness of the state and the education of its youth are carried on in a 
beautiful city and in a climate that rarely goes to extremes at 
either end of the thermometer. 

Madison’s surroundings make outdoor sports a natural feature 
of life in the city. In June, when the Society holds its meetings, 
swimming will be at its best. Curiously enough, in spite of the 
immense popularity of the sport, there are very limited bath- 
house facilities. Swimmers don their suits at home and walk or 
drive to the lake where numerous piers jut out from the shore. 
Canoeing and sailing are also very popular but demand at least a 
modicum of skill. For the landlubbers there are tennis and golf, 
driving and hiking. Madison can offer a variety of golf courses to 
suit differences in taste and skill. 

The drive out to Mt. Horeb along Military Ridge is recom- 
mended for some evening about sunset. The road follows the crest 
of the narrow ridge from which a splendid view stretches out on 
both sides. Blue Mound, the high point in the state, can be seen 
a short distance beyond Mt. Horeb. About three miles beyond 
Mt. Horeb a side road leads down a little valley to Nissedahl, a 
small farm in the old Norwegian style that was created by a Wis- 
consin graduate as a hobby. It is a spot of unusual charm and 
interest. It is not open to the public except by special arrange- 
ment, but is well worth a visit if it can be arranged. From Mt. 
Horeb a road leads down from the ridge to Black Earth through an 
interesting bit of valley, and the return to Madison can be made 
over Highway 11. 

For those who are not athletically inclined, Vilas Park is recom- 
mended as a grand spot for a pienic supper. It is clean, spacious, 
and lovely in every way, and not too far from the university. 

Madison draws its water from deep wells. The water is hard 
but cold and clear at all times, and free from objectionable tastes. 
Our superintendent of water supply, a ‘Wisconsin graduate of un- 
impeachable integrity, is authority for the statement that the water 
Madisonians drink fell as rain about two thousand years ago and 
has spent the intervening time in filtering slowly through bed rock 
to the wells. Be that as it may, it is a safe water to drink. 

The sanitary engineers among the visitors will be interested in 
the Nine Springs sewage treatment plant, which serves Madison 
and the surrounding area. Through the creation of a metropolitan 
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sewerage district, Madison hopes to preserve the purity of its lakes 
in spite of a steadily increasing population. 

Madison can claim one unique institution, the Forest Products 
Laboratory, located on Highway 12 at the western limits of the 
city. It oceupies a vast new building in the modern style. Its 
research activities are so varied that all members of the Society are 
certain to find something there to command their interest. 
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CONFERENCE ON CHEMICAL ENGINEERING * 


A STUDY OF CHEMICAL ENGINEERING LABORATORY INSTRUC- 
TION IN THE UNITED STATES 


By 8S. C. OGBURN, Jr. 


Professor of Chemical Engineering, and Chairman, Division of Engineering, 
Bucknell University 


The great rapidity with which chemical engineering laboratory 
work has been developed has led, quite naturally, to a rather wide 
diversity of course objectives, types of experiments performed, 
methods of presentation, equipment used, procedures followed, 
and reports required. Other contributing factors have been the 
special interests of chemical engineering staff members, the in- 
fluence of local industries, the equipment available for laboratory 
instruction purposes, and the apparent lack of a majority agree- 
ment among those charged with the responsibility for this work 
on the fundamental objectives involved. These points were dis- 
cussed with much interest during the sessions of the Conference 
on Chemical Engineering Education of the Society held at Cor- 
nell University in June, 1934. By a vote of this Conference, Presi- 
dent Williams of the Society was requested to appoint a commit- 
tee to ‘‘investigate and attempt to organize chemical engineering 
laboratory methods, material, and procedure, to investigate the 
desirability of preparing a laboratory manual on unit operation 
experiments work’’ and to present the facts obtained at the next 
meeting of the Society. The author was appointed Chairman of 
the Committee and the members, selected from various geograph- 
ieal districts and representing different types of institutions, who 
kindly agreed to serve were: W. Il. Beuschlein, University of 
Washington, W. M. Cobleigh, Montana State College, J. C. Elgin, 
Princeton University, P. M. Horton, Louisiana State University, 
J. H. James, Carnegie Institute of Technology, L. C. Jenness, Uni- 
versity of Maine, H. McCormack, Armour Institute of Technol- 
ogy, G. H. Montillon, University of Minnesota, J. H. Rushton, 
Drexel Institute, O. M. Smith, Oklahoma A. & M. College, and H. 
A. Webber, Iowa State College. It is largely through the efforts 
of these men that the facts presented in this report were obtained. 

The study of your Committee has been confined entirely to 
undergraduate instruction in courses carrying laboratory work in 

* Papers presented at Atlanta meeting, 8. P. E. E., June 24-27, 1935. 
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the Unit Operations of Chemical Engineering or laboratory work 
indicated as closely allied to the Unit Operations. The latter in- 
cludes experimental work in Unit Processes, Small Seale Develop- 
ment Problems, Plant or Semi-Plant Projects, and Research work 
in Chemical Engineering. Other types of laboratory work related 
to these fields may be seen in the data submitted subsequently. 

In the early stages of its work, the Committee found it quite 
difficult to obtain a complete and accurate list of schools offering the 
chemical engineering degree course. In order to make the study as 
complete as possible, it was desired that no school be omitted. The 
sources of information which led to the compilation of the list of 
schools to whom the questionnaire was sent by the committee mem- 
bers were obtained from the list of schools studied by the Com- 
mittee on Chemical Engineering Education of the American 
Institute of Chemical Engineers (1922 report), ‘‘ American Uni- 
versities and Colleges,’’ by ID. A. Robertson (Engineering Section, 
pages 92-94) (1928), ‘‘Guidanee leaflet No. 19,’’ U. S. Department 
of Education (1932), the list of schools studied by Dr. F. C. Vil- 
brandt as presented in a paper before the Chemical Engineering 
Conference of the Society last year, and by a study of several 
hundred catalogs of colleges and universities. Every attempt 
was made to have this list as complete as possible. After dupli- 
cations were eliminated, all schools thus classified were included 
in the study. This list contained the names of 93 institutions. 
The total number of schools replying was 86 or 92.5%. This rather 
surprising result was due in a large measure to the fact that the 
committee members were in most cases personally acquainted with 
staff members at the schools which were assigned them. From the 
catalogs of the seven schools not replying, it was found that each 
gave a chemical engineering course leading to the appropriate de- 
gree, and that each listed courses carrying laboratory work in the 
unit operations. Five of these schools were located in the south, 
and two in the north. Eleven schools who replied were found 
to be not offering a chemical engineering degree course. Of this 
number, two schools gave a degree course in Industrial or Applied 
Chemistry, one school planned to put a chemical engineering course 
in next year, and eight schools reported no such course was given or 
contemplated.* 

Of the schools replying, there were 21, or 24.4%, who gave a 
degree course in chemical engineering, but who did not give any 

* Since this report, the Committee has, through the study of additional 
college catalogs, found 18 other colleges which offer the degree course in 
chemical engineering, but none gave laboratory work in the unit operations. 


This gives a total of 100 colleges and universities which are known to be giving 
this degree course. There are probably 110 or more colleges which do actually 


offer this work. 
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laboratory courses in unit operations or allied work. Of this num- 
ber, eight schools planned to put in this work as soon as possible, 
three schools expressed definite opposition to such experimental 
work, and ten schools gave no reason nor an expression of opinion. 

There were two schools replying who did not give sufficient data 
or information for this study. This leaves 52 schools, or 60.4% 
of those replying who gave sufficient data to be included in this re- 
port. This number, 52,¢ represents 85.2% of all schools in the 
United States, as far as the Committee could determine who give 
undergraduate chemical engineering laboratory work. All sub- 
sequent data tabulated or interpreted in this paper, therefore, are 
based only on the replies from these 52 schools. 

In order to present this information as clearly, yet as briefly, 
as possible, each question contained in the questionnaire will be 
given and this will be immediately followed by a complete summary 
of the results obtained. 


(1) Organization of the Laboratory Work: 
(A) Laboratory work in the unit operations of chemical 
engineering is given in connection with what course 
or courses in the undergraduate college? 


The minimum number of separate title courses given per school 
was found to be one, the maximum number 4, and the average 
number 1.6. The percentage of schools giving only one course was 
61.6% ; those giving two courses were 25%; those giving three 
courses were 7.7% ; and those giving four courses were 5.7%. The 
most popular titles given to the courses offered were: Chemical 
Engineering Laboratory (or Practice) (or Projects) (40.3% of 
the separate courses listed), Industrial (or Technical) Chemistry 


+ The fifty-two colleges and universities studied as a basis for this report 
are: University of Alabama, Armour Institute of Technology, Bucknell Uni- 
versity, Carnegie Institute of Technology, Case School of Applied Science, 
University of Cincinnati, Clarkson College of Technology, Columbia Univer- 
sity, Cornell University, University of Detroit, Drexel Institute, University of 
Idaho, University of Illinois, University of Iowa, Iowa State College, Kansas 
State College, Lehigh University, University of Louisville, Michigan State 
College, University of Michigan, University of Minnesota, Missouri School 
of Mines and Metallurgy, University of Missouri, Montana State College, 
City College of New York, New York University, Notre Dame, University of 
North Carolina, North Carolina State College, University of North Dakota, 
Ohio State University, Oklahoma A. & M. College, University of Oklahoma, 
Oregon State College, Pennsylvania State College, University of Pennsylvania, 
Purdue University, University of Pittsburgh, Princeton University, Pratt In- 
stitute, Rensselaer Polytechnic Institute, Rose Polytechnic Institute, Syracuse 
University, Texas A. & M. College, Texas Technological College, University of 
Texas, University of Virginia, Washington University (St. Louis), University 
of Washington (Seattle), West Virginia University, University of Wisconsin, 
and Yale University. 
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Laboratory (17.1%), Principles (or Elements) of Chemical Engi- 
neering (13.5%), and Unit Operations (or Processes) Laboratory 
(11%), Chemical Processes (or Manufacture) Laboratory (9.8%), 
Unit Operations Specialized - (given in specific fields) (4.9%), 
Engineering Chemistry Laboratory (2.5%), and Chemical Engi- 
neering Laboratory and Design (1.2%). 


(a) In the Graduate School? 

The minimum number of separate title courses per school earry- 
ing laboratory work in the unit operations or work including the 
unit operations was found to be 0, maximum number 5, and the 
average 0.75. Fifty-nine point six per cent of the schools gave no 
such graduate courses and 23.1% gave only one. There were 
5.8% who gave three such courses, 1.9% who gave four, and 1.9% 
who gave five. 


(B) Which of the above undergraduate courses are required 
of chemical engineering students for the bachelor’s 
degree? 

The percentage of schools requiring all listed courses was 90.4% ; 
those giving more than the required courses were 9.6%. 


(C) At what time in the undergraduate’s curriculum ts this 
work given? 

Two schools gave the laboratory instruction throughout the 
junior year, ten during a part of the junior year only, six during 
the summer session between the junior and senior years, thirty-one 
throughout the senior year, and fifteen during part of the senior 
year only. From this it is seen that some of the fifty-two schools 
give this work over a period of more than a year. 


(D) What is the approximate length of time spent by the 
student in this laboratory work in terms of number of 
weeks, and number of clock hours per week? 

The minimum number of total weeks per school devoted to this 
laboratory work in all courses considered, was found to be 7, the 
maximum number 72, and the average 30. The percentage of 
schools giving a total of from 7 to 12 weeks of laboratory work was 
5.8%, while 19.2% gave from 13 to 18 weeks, 67.3% gave from 19 
to 36 weeks, 1.9% gave from 37 to 54 weeks and 5.8% gave from 
55 to 72 weeks. The number of clock hours per week devoted to 
laboratory work ranged from a minimum of 3 to a maximum of 18 
(for those schools giving this work in the summer session). The 
average was 7 hours per week. The percentage of the school giv- 
ing an average of 3 to 5 hours per week was 26.9%, those giving 6 
to 8 hours per week was 48.1%, and those giving 9 to 18 hours per 


‘week was 25%. 


f 
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(2) Method of Laboratory Instruction. 
(A) Is the experimental work performed individually or is 
the squad or group method used? 
(B) If the latter, how many men are usually assigned to 
each squad? 

The great majority of the schools, 73.1%, were found to be using 
the squad method only. Twenty-five per cent used both squad and 
individual methods, and 1.9% used the individual method only. 
Sixty-one per cent of the schools reported squads used numbered 
from two to four men each; 33% used 4 to 6 men; and 6% used 
from 6 to 10 men. 


(C) Is the laboratory work personally supervised by the 
same instructor who conducts the classroom instruc- 
tion in the subject concerned? 

(D) If not, who is responsible for the laboratory work? 

The percentage of schools using the same instructor for both 
class and laboratory was 84.6%. Of those not using the same in- 
structor, 87.5% reported that another staff member with the rank 
of instructor or above was used. The remaining 12.5% used a 
graduate assistant for this purpose. 


(E) How are assignments made? 

The majority of the schools, 73.1%, reported that they are now 
using mimeographed instruction sheets which are placed in the 
hands of the student. Nine point six per cent used typewritten 
sheets posted on the bulletin board, a similar percentage used ver- 
bal instructions only, and 7.7% used their own laboratory manual 
prepared for this purpose. 


(F) What attempt is made to correlate the work of the 
classroom and the laboratory? 

The percentage of the schools reporting a direct time correla- 
tion of content material in the classroom with that taken up in the 
laboratory was 38.5% ; those indicating some time correlation were 
36.5% ; and, those stating that no time correlation was effected were 
25%. Very little attempt was made by most schools to cover ex- 
perimentally most of the unit operations considered in the class 
work. 


(3) Unit Operations Studied. 
(A) What unit operations are studied experimentally? 
The minimum number of unit operations performed per school 
was found to be 2, the maximum number was 19, and the average 
was 8.6. The nine experiments performed by more than half of 
the schools studied were, in order of their frequency: Distillation 
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(91% of the schools), Filtration (89%), Flow of Heat (85%), 
Drying (82%), Flow of Fluids (76%), Evaporation (76%), Size 
Reduction (64%), Gas Absorption (58%), and Classification of 
Solids (50%). Other unit operations experiments given were: 
High Temperature Production and Control (35%), Humidity and 
Air Conditioning (29%), Extraction (27%), Settling (27%), 
Crystallization (21%), Agitation and Mixing (19%), Dissolution 
(9%), Centrifuging (9%), Refrigeration (8%), High Pressure 
Digestion (6%), and Miscellaneous Experiments (which included 
adsorption, causticizing, conveying and pipe fitting) (13%). (All 
experiments given by three or more schools are tabulated sepa- 
rately, as above.) Several of the schools reported that the work 
in heat flow was given in connection with certain courses in physics 
or mechanical engineering. Several schools also reported that the 
work in fluid flow was given in civil engineering courses, as hy- 
draulies. Since the chemical engineering departments did not give 
any of this work, such schools were omitted in the above percent- 
age tabulation. Fifty-four per cent of the schools studied sent in 
copies of the laboratory directions used in the unit operations 
eourse. An additional six per cent of the schools stated that they 
would send these to the Committee at a later date, since they were 
revising them at this time. A paper by R. C. Kintner dealing with 
this material will be given at this Conference. 


(B) Which of the above experiments that you give do you 
consider (for instruction purposes) to be qualitative 
in extent, and which to be quantitative? 

The percentage of the schools giving all experiments quanti- 
tatively was 55.8%. Those reporting that the majority of their 
experiments were given quantitatively were 38.5%, while only 3.8% 
reported that all experiments were given qualitatively and 1.9% 
did not answer the question. Of the schools giving one or more 
experiments qualitatively, the following list gives the experiments 
so designated. (These are listed in the order of. their greatest 
frequency and the percentage given is based upon the number of 
schools reporting the experiment given as a qualitative one.) Dry- 
ing (35%), Size Reduction (30%), Evaporation (25%), Distilla- 
tion (20%), Filtration (20%), Agitation and Mixing (15%), Gas 
Absorption (10%), Classification of Solids (10%), High Tem- 
perature Production and Control (10%), High Pressure Digestion 
(5%), Centrifuge (5%), Settling (5%), and Flow of Fluids 


(5%). 


( 
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(C) What other experiments related to the unit operations 
are also included in the laboratory courses in chemical 
engineering ? 

A total of 73.1% of the schools were found to be giving other 
related experiments. The number varied from a minimum of 1 
to a maximum of 10 experiments; the average number was 2.8. 
The most popular experiments given, arranged in order of their 
frequency (expressed in terms of percentage of all schools giving 
such work) were found to be: Small scale development problems 
of chemical process manufacture (63%), Technical testing and 
analysis (57%), Water softening or treatment (35%), Special in- 
dustrial Chemical Preparations or Processes (33%), Electrolysis 
(30%), Sulphonation (17%), Materials of Construction (10%), 
Nitration (9%), Corrosion Studies (5%), Hydrolysis (5%), Elee- 
trical Precipitation (5%), Hydrogenation (3%), Caustic Fusion 
(5%), Sublimation (4%), Fermentation (3%), and Saponifica- 
tion (3%). In practically every case of the small scale develop- 
ment problems cost studies, engineering flow sheets, selection of 
equipment, ete., were included as a part of the work involved. 


(4) Equipment Used. 

(A) What wnit operating equipment do you regularly use 
in connection with the undergraduate courses in chem- 
ical engincering? 

A very interesting diversity of equipment was found. The 
minimum number of separate items listed per school as unit 
operating equipment was 2, the maximum number 41, and the aver- 
age number 15.5. The percentage of schools listing from 2 to 6 
items of equipment was 13.4%, those listing 7 to 12 items was 
26.9%, those from 13 to 18 was 32.7%, those from 19 to 24 was 
15.4%, those from 25 to 32 was 7.6%, and those from 35 to 41 was 
3.8%. The unit operating equipment used by the schools studied, 
listed in the order of their popularity and expressed in terms of 
percentages of all these schools, are: Filters, plate and frame 
(84.6%), Dryer, shelf or tray type (75%), Still, column type 
(75%), Crusher, jaw or gyratory (69.3%), Jacketed kettles 
(65.4%), Still, simple type (61.6%), Heat Flow apparatus 
(59.6%), Ball mill (59.6%), Dise mill (53.9%), Fluid Flow appa- 
ratus (51.9%), Gas Absorption tower (51.9%), Tanks, plain. 
(51.9%), Centrifuge (46.2%), Gas Furnaces, varied types 
(46.2%), Filters, sand or special types (44.2%), Pumps, centrifu- 
gal (42.3%), Autoclave (38.4%), Electric Furnaces, varied types 
(38.4%), Filter, Sweetland (36.5%), Evaporator, multiple effect 
(34.6% ), Mixers and Agitators (34.6%), Evaporators, single effect, 
vacuum (30.8%), Shaker. Screens (30.8%), Air Conditioner and 
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Humidifiers (28.8%), Filter Oliver (28.8%), Pumps, reciprocating 
(25%), Roll Mill (25%), Filter, Kelly (23.1%), Nitrator, Sul- 
phonator or Reducer (21.1%), Settler (21.1%), Evaporator, open 
pan (19.2%), Extraction Equipment (17.3%), Fusion Kettles 
(17.3%), Condensers, separate equipment (15.4%), Hammer Mill 
(13.5%), Kneading Machine (13.5%), Shaker Table (11.6%), 
Dryer, rotary (9.6%), Rotary Screens (9.6%), Flotation Machine 
(9.6%), Crystallizer (9.6%), Refrigeration Equipment (9.6%), 
Still, packed tower type (7.7%), Air Classifier (7.7%), Evapora- 
tor, forced circulation type (5.8%), Dryer, tunnel (5.8%), Cot- 
trell Precipitator (5.8%), and Edge Runner (Chaser) mill (3.9%). 


(B) What additional equipment do you have available for 
experimental work in the field of chemical engineer- 
ing? 

Practically all, 98.1%, of the schools listed additional equip- 
ment. The number of separate items of such equipment listed per 
school varied from a minimum of 0 to a maximum of 7. The aver- 
age was 2.9. The percentage of the schools reporting from 1 to 2 
items was 48.1%, those reporting from 3 to 4 was 32.7%, and those 
listing from 5 to 7 were 17.3%. The most important general items 
given may be classified under the following heads and, listed in 
order of their frequency, are: Flow motors, gauges (together with 
an air compressor, vacuum pump or both) (90.4%), technical test- 
ing equipment (86.5%), special complete plant process equipment 
(as paper, soap, etc.) (26.9%), water softening equipment (25%), 
electrolytic equipment (23.1%), high pressure equipment (for 
gaseous reactions, hydrogenation processes, etc.) (17.3%), hy- 
draulie press (15.4%), and corrosion testing equipment (3.8%). 
Each of these divisions was interpreted as an ‘‘item’’ in the cal- 
culation of these percentages. 


(5) Laboratory Reports and Note Books. 
(A) How are the laboratory data recorded? 

Approximately 64% of the schools stated that laboratory data 
were recorded on loose sheets but 10% of these had the sheets later 
placed in a folder. 34.6% used a bound note book, and 1.9% used 
the blank pages provided for this purpose in their laboratory 
manual. 


(B) Describe briefly the nature of the Laboratory Reports 
required, especially as to general form of the report 
and outline of its contents. 

Definite information on this question was obtained from 86.5% 
of the schools. The minimum number of topics considered in the 
individual report required was 3, the maximum was 12, and the 
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average was 7. The specific topics considered in these reports, 
arranged in order of their popularity, and expressed in terms of 
percentage of the schools reporting, were: Data (98%), Caleula- 
tions (84%), Conclusions (73%), Statement of problem (71%), 
Procedure (69%), Discussion of Results (68%), Equipment used, 
with drawings (67%), Title of Experiment (45%), Theoretical 
diseussion (43%), References (30%), Appendices (18%), Recom- 
mendations (16%), and Letter of Transmittal (14%). Twenty- 
five per cent of the schools studied in this summary sent in to the 
Committee copies of their laboratory reports. The information 
gained from these was of much value to the Committee. 


(C) When are these reports required to be handed in by the 
student ? 

Within one week after the completion of the experiment seems 
to be the most prevalent time as this was designated by 71.2% of 
the schools. In 13.5% of the cases the reports were due within 
two weeks, in 11.5% the time interval was variable but given the 
student as fixed dates before the experiment was begun, while in 
1.9% of the cases the report was due at the end of 3 weeks and 
a similar percentage required the reports at the end of the semester. 


(6) General Discussion. 

(A) In your opinion should experimental work in the unit 
operations be included as a regular part of the work 
required for graduation (Bachelor’s degree) in the 
Chemical Engineering Curriculum? 

The affirmative answer to this question was almost unanimous; 
98.1% of the schools voted yes. 


(B) Give the Unit Operations which should be included in 
this required list. 

Of the schools expressing the opinion that the unit operations 
should be required for the bachelor’s degree course, 78.6% replied 
giving specific unit operations which, in their opinion, should be 
studied experimentally, 4% replied that all of the unit operations 
possible should be given, 6% said that those experiments should 
be required for which there was equipment available, and 11.4% 
made no statement as to which unit operations should be required. 
Of the schools listing definite experiments (78.6% of all schools) 
the principal unit operations given, listed in the order of their 
popularity and expressed in terms of percentage of the schools 
agreeing on the items listed were: Distillation (95%), Evaporation 
(92.5%), Filtration (92.5%), Flow of Heat (90%), Drying 
(85%), Flow of Fluids (77.5%), Gas Absorption (72.5%), Size 
Reduction of Solids (60%), Classification and Concentration of 
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Solids (47.5%), Humidity and Air Conditioning (32.5%), High 
Temperature Production and Control (22.5%), Extraction 
(22.5%), Crystallization (20%), Agitation and Mixing (15%), 
Settling (12.5%), Miscellaneous (including conveying, pipe fitting, 
adsorption, causticizing, ete.) (10%), Dissolution (7.5%), Refrig- 
eration (5%), and Centrifuging (2.5%). Here again is found 
approximately nine experiments as agreed to by the majority of 
the schools. They, as should be expected, are the identical ex- 
periments which were found to be given at present by most schools. 
The uniformity of majority opinion along this line was very in- 
teresting. Perhaps the chemical engineering teachers are not as 
far apart on this matter as might be supposed. Another pertinent 
fact gleaned from this study is that although quite a few schools 
have a variety of equipment which might be used in the study of 
the unit operations and allied work, so far as undergraduate in- 
struction is concerned, it is not used. This should be kept in mind 
when a comparison is drawn between equipment available at the 
various laboratories and the experiments studied or recommended 
to be studied. 


(C) Do you believe that a certain MINIMUM LIST in the 

unit operations should be determined and required as 

a prerequisite for accrediting by accrediting agencies? 

The percentage of the schools replying YES to this question was 

71.1%. Those answering NO were 23.1%, while 5.8% did not 
answer. 


(D) Do you believe that the preparation of a Laboratory 
Manual consisting of general directions for experi- 
mental work for some of the more widely used unit 
operations (and probably a list of optional experi- 
ments from those operations not so commonly studied 
—to make the manual more flexible) is desirable? 

This much debated question was given a majority opinion when 
73.1% of the schools voted YES. Of this number 7.7% expressed 
certain restrictions or modifications to the question. Of the 25.0% 
voting NO, 1.9% were not sure of themselves, and 1.9% of the total 
replying did not answer the question. 


(E) General Remarks which might aid the Committee in this 
study. 

Fifty-five per cent of the schools replying to the questionnaire 
indicated the value of the study of the Committee and expressed 
an interest in its findings. About seventy per cent of the schools 
kindly added comments in this space for general remarks. Some 
of these were given specifically to aid the Committee in the better 


CONFERENCE ON CHEMICAL ENGINEERING 521 


understanding of the questions asked. Some, however, were of 
more general interest. To be sure the views expressed are quite 
diversified. Selected expressions of opinion include the following: 


x 


bo 


13. 


“Our aims of unit operations teaching are: (a) To introduce the 
student to the field of the unit operations of chemical engineering, 
(b) To achieve a higher plane of effort and more initiative, and, 
(c) To achieve more ability for group codperation and results.” 


. “Too much information should not be given on the laboratory assign- 


ment sheets, but enough to avoid false starts and a waste of time.” 


. “We emphasize plant type tests on machines.” 
. “Process development work is especially emphasized here. For lab- 


oratory reports in this course, there should be included patent 
verification, laboratory cost estimates, large scale cost estimates, 
specifications of equipment selected, process diagram, engineering 
flow sheet of equipment in the process, plant location and layout 
studies.” 


. “ We require only one or two formal reports, if these are satisfactory, 


none other are required.” 


. “We place mueh emphasis on report writing. Good usage of the 


English language is important in these reports. For each of the 
ten reports required from 25 to 75 hours of outside work is neces- 
sary.” 


. “Preliminary reports are required in addition to final laboratory 


reports.” 


. “Preliminary discussion is made before any experiment is performed. 


We try to develop a critical and professional viewpoint towards 
one’s work.” 


. “We have a different laboratory section for each squad of from 4 to 


6 students.” 


. “Unit process studies with economic elements involved should be given 


as well as separate unit operations experiments.” 


. “The chemical engineer must first be a chemist, and then an engi- 


neer. The spirit of this idea also enters into the laboratory work 
of our courses in chemical engineering.” 


. “We can’t emphasize too strongly that the spirit and the point of 


view are the important things. The main thing for the laboratory 
to do is to make a man feel that he is an engineer, not a physical 
chemist.” 

“A laboratory manual should contain practical problems which can 
be worked out with equipment available. This should be supple- 
mented by plant visitation and study. Recommendations should 
be made to Chemical Engineering departments for their assistance 
and allow any standardization to come from voluntary desire of 
each to become best possible without compelling any department 
to adopt standards forced on them by super-committees from the 
outside. Best results are obtained by stimulation and encourage- 
ment rather than by legislation or dictation. A Chemical Engi- 
neering department should serve industries in its locality. We 
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should never suppress the efforts and individual enterprise of a de- 
partment by any accrediting agencies.” 

14. “If the results show general uniformity in the assignment of certain 
experiments on unit operations in many of the departments of 
Chemical Engineering, we might approve some six or eight such 
experiments as the first ones to be outlined in a proposed labora- 
tory manual of unit operations.” 

15. “It might be a good plan to have the laboratory manual in the form 
of bound mimeographed direction sheets for the first year or two. 
A number of us could try out the experiments as outlined in the 
manual and we could make such additions or changes as experience 
proved advisable before having the laboratory manual printed.” 

16. “ Our direction sheets are in a primary state of development. Re- 
garding the manual, the writer does not believe that any small 
group of men could write a manual that would be generally used. 
An altruistic method would have to be used. Teachers of the 
subject could be solicited to learn what they would expect the 
manual to contain. A few might insist on specifying part of its 
contents. If a manual could be written that would be of use for 
even part of the work at a considerable number of schools, it would 
save time for the instructor. Experience would dictate the changes 
necessary from time to time. If there were but little repetition 
of the material found in standard theory texts and handbooks, the 
manual need not be large. It could contain the most reliable 
steam tables and other physical data essential for the calculations in- 
volved in the unit operations described. It would have to be useful 
and not just another book.” 

17. “ The final goal sought should be a Chemical Engineering Laboratory 
Manuai to replace the miscellaneous mimeographed sheets.” 

18. “If a curriculum is well balanced—not over-weighted with chemistry 
and chemical engineering—there is seldom more than enough time 
to introduce the student to the ordinary unit qperations in the 
laboratory. The complex, highly technical, or special phases 
should be left for graduate work, or for self-study after the man 
begins his professional life.” 

. 19. “ We place emphasis on methods of measurement and testing so that 

the students find how performance of equipment can be deter- 
mined. Tests made at near-by plants and toward the end of the 
term are valuable projects. A laboratory period of six hours 
continuous is almost imperative.” 

20. “I believe some experiments on important industrial chemical reac- 
tions or processes should be included in laboratory practice. These 
might vary in different parts of the United States, but I think 
some work of this nature makes the course more interesting and 

* it also shows the student that problems increase as the scale grows 
larger. After all, one of the major duties of a chemical engineer 
is to produce something. Too much testing of equipment just to 
see how it works becomes tedious.” 
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21. “ Should a course in the Principles of Chemical Engineering without 
laboratory be recognized? What laboratory experiments consti- 
tute minimum essentials? ” 


In conclusion, may it be said that it is, to a large degree, 
through such conferences as are now being held that hope may 
be held for a clearer and more uniform conception of the objec- 
tives of chemical engineering laboratory work and some of the 
methods which may be used to achieve these ends. A keen analysis 
of our problems, followed by sympathetic understanding and mu- 
tual codperation will advance the progress of our profession. 


Discussion 


J. C. Elgin: Princeton University. It is worthwhile to em- 
phasize the representative character of the report as it is based 
on 86 schools or roughly 86% of all those offering some form of 
chemical engineering and 85% of those giving chemical engineering 
laboratory work. Of the nearly 100 schools giving chemical engi- 
neering degree courses, only 50 to 60% apparently give unit op- 
eration laboratory work. A real explanation of this would be 
interesting. Comparative figures on the other fields of engineering 
and the pure sciences would be interesting, and probably show a 
greatly inereased percentage giving specialized laboratory work. 

The comparatively widespread uniformity in type of chemical 
engineering laboratory, the unit operations studied and recom- 
mended, and the equipment available and utilized is interesting as 
well as surprising. If this can be taken at face value it certainly 
indicates a greater agreement on chemical engineering laboratory 
work than is ordinarily assumed. The extremes reported in some 
cases are interesting. For example in one instance 72 weeks are 
devoted to laboratory work, in another 7 weeks; there is no men- 
tion of hours per week;* in one instance 2 unit operations are 
studied, in another 19, the average being about nine; items of 
equipment vary from 2 to a maximum of 41; there is no mention, 
however, of what is included in the counts. Probably in the ease 
of 41 each set of scales might have been listed. 

It seems to me that the apparent uniformity indicated in the 
report cannot be regarded as highly significant without investiga- 
tion of what lies behind the replies, especially as an index of the 
chemical engineering laboratory work actually given. A very wide 
range of experimental work and equipment can be covered by the 
general operation terms such as distillation, filtration, evaporation, 
and others. A very wide variety of apparatus can be designated 
as stills, filters, and others, and experimental work as study of 


* Editor’s Note: See tabulated replies to question (1D). 
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the corresponding unit operations without being in the real sense 
studies of these operations. I am aware of an instance where 
flow was measured by a capillary laboratory flow meter and called 
study of the unit operation. of fluid flow. Furthermore, where a 
piece of equipment is used simply to carry out a manufacturing 
operation, it can be called from one point of view a study of the 
operation in question. The term quantitative can designate almost 
anything from an experiment involving a real study, measure- 
ment, control and correlation of variables to simple weighing of 
the quantities of materials added and withdrawn. From this point 
of view, care must be taken in attaching too much significance to 
conclusions which may be drawn from the report. Thege questions 
are probably the fault of the questionnaire itself. The point to be 
emphasized is that the method of performing the experiment, the 
detailed design of equipment and how it is used are more impor- 
tant for the laboratory than a list of equipment and experiments 
by generic titles. 

In the list of experiments studied and recommended and in 
equipment possessed, distillation and filtration occur ahead of heat 
transfer and fluid flow. This is interesting and bears on the above 
point inasmuch as the first two operations are two of the most 
difficult to study satisfactorily in the laboratory and involve at 
least one of the most expensive equipment outfits. The-latter two 
are basic operations which can be studied readily in the laboratory 
with easily and inexpensively constructed equipment. There is 
no apparent reason why heat transfer and fluid flow cannot be 
ineluded even where the budget is limited. The following figures 
are notable: 76% study evaporation and 93% recommend it, 
whereas only 65% have jacketed kettles (not very useful from a 
unit operation standpoint) and 30 to 34% vacuum evaporators; 
85% study heat transfer, 90% recommend it and 60% have heat 
flow apparatus (others use other equipment probably) ; 76% study 
fluid flow, 78% recommend it and 52% have such equipment. 
Similarly for other operations. 

Another point is the variety in number, type, and time devoted 
to reports. In one instance ten reports requiring from 25 to 75 
hours of outside work for preparation are required corresponding 
at the minimum figure of 25 hours to 10 hours per day for 4 six 
day weeks. This compares with another case where only. two 
reports were required. 

One possible criticism of the report is the statistical nature and 
the value of such statistical information to those concerned with 
the development of chemical engineering laboratory work. What 
_ purpose does it serve? In this regard I am inclined to feel that 


el 
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the committee has not entirely fulfilled the object with which it was 
charged. It was my understanding that as formulated at its in- 
ception at the Cornell meeting its object was to undertake the 
difficult task of assembling a specific and correlated body of 
information on actual experiments and programs, laboratory meth- 
ods and types and designs of equipment for the assistance of those 
endeavoring to establish or further develop chemical engineering 
laboratory instruction. However, a large amount of the necessary 
information is undoubtedly available in the hands of the Chairman 
and will be embodied in later papers on the program.t It is not my 
opinion that the committee should attempt to establish a list of 
definite experiments which it considers to be the minimum essential. 

One other point, 73% of those schools reporting favor a labora- 
tory manual. The next effort at this conference should be directed 
toward some determination of the form which such a manual 
should take. 

Finally, I think that the thanks and appreciation of this group 
should be expressed to Professor Ogburn for his devotion of time 
and effort to the investigation and his excellent handling of the 
entire matter. 


A STUDY OF CHEMICAL ENGINEERING UNIT OPERATIONS 
LABORATORY DIRECTIONS 


By ROBERT C. KINTNER 
Assistant Professor of Chemical Engineering, Bucknell University 


In the report of the Chemical Engineering Laboratory Commit- 
tee the diversity of the objectives, types of experiments performed, 
equipment used, procedures followed, and reports required at vari- 
ous universities and colleges in the Chemical Engineering field were 
set forth and some rather surprising agreements on these items 
noted. Of the 93 schools which answered the general questionnaire, 
52 gave laboratory instruction in the unit operations. Of these 52 
schools, 24 sent in more or less complete sets of laboratory direc- 
tions used at their institutions. These ranged all the way from 
two pages to complete laboratory texts of some two hundred odd 
pages. One of these laboratory texts was returned to its author 
before the present writer made this summary and is therefore not 
included in this report. The laboratory instructions used, there- 
fore, represent the material from 23 institutions and include 350 

+t As requested by the Atlanta Conference, the Committee will present at 
the Madison meeting, 1936, a program of papers dealing with recommended 
chemical engineering laboratory procedures. 
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individual experiments, or an average of 15 per school. In the 
author’s own personal knowledge, these instructions do not repre- 
sent all of the experiments given at the schools concerned, but for 
purposes of this report they must be treated as though they do rep- 
resent the complete work at the institutions reporting. 

Anything that is worth teaching must have some definite goal 
toward which the teacher is guiding the student. These are called, 
in educational circles, the Aims or Objectives of the instruction. 
Many and various aims have been put forward at various times as 
those of unit operations teaching. Some are tangible and others 
are intangible. The intangible aims are either attained in whole 
or in part by the driving power of the personality of the teacher 
while the more tangible ones may be attained by the student him- 
self although the personality of the teacher helps. Let us ignore 
these general aims of unit operations teaching as being outside the 
seope of this report although some of the schools did present such 
general objectives. We will examine the more tangible and im- 
mediate objectives as expressed in the instruction sheets from the 
23 schools. It was found that these could be classified under a 
very few headings as follows: 


1, Laws or principles upon which the unit operation is based 60 experiments. 

4. To test the efficiency or performance of equipment ..... 38 is 

5. To ‘‘study’’ something. (Ex.: To study Distillation).. 23 ate 

6. To learn the construction of equipment ................ 9 ri 

7. To make or manufacture something ..................-- 3 oe 

8. To design equipment for a given purpose .............. 2 ad 

9. To attain excellence of report writing ................ 1 #8 


The remaining 124 experiments expressed no definite objective as 
such or in the title of the experiment. Many of those in the 
‘‘measurement”’ or ‘‘calibration’’ class involve the application of 
some law or principle in their performance. Hence we may con- 
clude that the most important (or at least the most popular) of the 
immediate objectives is to bring the student to understand the laws 
and principles upon which the unit operations are based. Other 
aims are of slightly less popularity but important enough to keep 
in view. Perhaps a short questionnaire next year might be of some 
use in promoting an agreement among teachers of the unit opera- 
tions as to the general and specific aims of this teaching. 

Of the 23 schools, 15 gave definite statements of the purpose of 
the experiments, 5 gave indefinite statements and 3 showed no evi- 
_ dence of any aims whatever. 
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The question naturally would occur as to what should be placed 
on a direction sheet or sheets. Here again great diversity was 
observed. The directions ranged all the way from a simple state- 
ment covering but one third of a page to a full-fledged, textbook 
sized, detailed discussion of nearly every phase of the equipment 
and operation in question. One single experiment covered 39 
mimeographed pages! The tabulation as to length of directions 
follows : 


Pages per No. of Pages per No. of 
Experiments Experiments Experiments Experiments 
1/3 6 (one school) 6 
1/2 12 (one school) 7 3 
1 133 8 3 
2 118 9 3 
3 43 15 2 
4 11 19 or over 7 (one school) 
5 5 
Total 350 


The above table shows quite clearly the length of present in- 
structions in terms of pages 814” X 11” mimeographed material. 
Over three fourths (76.8%) of all experiments consisted of two 
pages or less. If we include the three-page material, much of 
which was but little over two pages, we get a figure of 89.1%. This 
does not mean, however, that the long, eight to ten page experi- 
ment should be outlawed. Certain work, notably evaporation and 
distillation, where heat and material balances are to be made, re- 
quire long directions to prevent the student wasting time in won- 
dering how to go about the work. It is very evident, however, that 
long directions are not the style at present. 

What is contained in these direction sheets? The following 
table shows the popularity of the major headings: 


Topic (or title) was used im .........cscsceees 23 schools 
Apparatus or Equipment ..................... 11 


From the above table the conclusion might be fairly drawn that 
those items most necessary for the student to go ahead with the 
work are the Topic, Procedure, References (unless Theory is given 
on the sheets), Object of the experiment, and a description or list 
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of the necessary equipment. Most of the schools have a general 
form of report writing and only in special instances will any extra 
requirements be stated. The remaining items may also apply in a 
few instances but not in general. The above list of topics agrees 
well with general usage in writing up experiments, which often 
consist of these steps: 

1. The name of the job to be done. 

2. A statement of the objective sought. 

3. The place to find out how to do the job. 

4. The material at hand or required to do the job. 

5. The manner in which to proceed with the work. 


Of the references cited, the only ones of any frequency were: 


Walker, Lewis and McAdams ............ 58 experiments 
Jour. Ind. and Eng. Chem. .............+- 25 
Liddell’s Handbook of Chem. Eng. ........ 14 
Transactions of the A. I. Ch. E. .........4.. 8 


A host of other references, too numerous to mention here, were 
used in but a few instances. There is little of note in this list ex- 
cept that the Transactions of the A. I. Ch. E. are used so little. 
The low position of the Handbooks is also noteworthy when one 
remembers that only 23 experiments out of 350 require the use of 
and refer to one of them. 

The next question that arises is ‘‘What are these experiments 
for which schools have produced written experiments?’’ The nu- 
merical list follows: 


No. of Name of Unit Operation No. of || No. of Name of Unit Operation No. of 
Expers. or Process Schools|| Expers. or Process Schools 
43 Filtration 19 8 | Centrifuging 7 
38 Flow of Heat 16 8 | Gas Absorption 4 
34 Flow of Fluids 14 8 | Mfg. a Chemical 3 
27 Distillation 14 6 | Electrolysis 4 
25 Drying 13 6 | Mixing & Agitation 5 
22 Pyrometry 9 5 | Pumping 3 
20 Evaporation 15 3 | Humidity 2 
15 Class. of Solids 9 3 | Extraction 3 

14 Size Reduction 11 2 | Nitration or Sulphona- 
tion 2 
10 Process Devel. 3 2 | Corrosion 2 
9 Water Softening 7 1 | Crystallization 1 
Miscellaneous 23 
Total 350 
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An examination of the number of experiments per school showed 
that ten of the twenty-three schools turned in from 11 to 16 ex- 
periments (inclusive) each. The numerical average agrees very 
well with this. The lowest number was a single experiment (evi- 
dently meant merely as an example of their work) and the highest 
number was a complete set of forty-two experiments bound into two 


“laboratory manuals. 
Let us examine the list as compared with the lists assembled by 


the general questionnaire sent out by the Committee: 


Those Studied at : uired for the 
Filtration Distillation Filters Distillation 
Flow of Heat Filtration Dryer Evaporation 
Evaporation Flow of Heat Column Still Filtration 
Distillation Drying Crusher Flow of Heat 
Flow of Fluids Flow of Fluids Jacketted Kettle | Drying 
Drying Evaporation Simple Still Flow of Fluids 
Size Reduction Size Reduction | Heat Flow App. Gas Absorption 
Pyrometry Gas Absorption | Fluid Flow App. | Size Reduction 
Class. of Solids Class. of Solids | Gas Absorber Class. of Solids 


* Refers to questionnaire numbers. 


The main conclusion to be drawn from this list is that we are in 
very close agreement both in our ideas of what should be given and 
what we actually do give in our laboratory courses in the Unit 
Operations. The four lists, taken from four different points of 
view, are almost identical in their content and even in the order of 
importance of those contents. 


SUMMARY AND CONCLUSIONS 


The writer believes that this survey of 23 of the 52 schools, in- 
cluding 350 experiments, shows the following: 

1. Sixty-five per cent of the experiments have a definite goal in 
view while thirty-five per cent do not express any objective. 


2. Of the objectives expressed, the following are the most im- — 


portant as determined by their frequency: 

(a) To learn the Laws and Principles underlying the Unit Opera- 
tions. 

(b) To use these in Measuring or Calibrating equipment. 

(c) To learn the operation of the Unit Operation Equipment. 

(d) To learn to test the efficiency or performance of the Equip- 

ment. (To ‘‘study’’ something is not a definite objective and 

should not be considered.) 
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3. The size of the directions for experiments should, with several 
very real exceptions, be of one or two single-spaced, letter-size, 
sheets of typewritten material. 

4. The following topics should be included in such laboratory 
directions: 

(a) Title. 

(b) Object of the experiment. 

(c) References. 

(d) Apparatus and Equipment. 

(e) Procedure. 

Special report requirements and, in certain instances, sample data 
sheets should be included. 

5. In addition to the two most popular textbooks (W. L. & McA. 
and B. & McC.) the following are the most used of the sources of 
information : 

(a) Journal Ind. and Eng. Chem. 

(b) Chem. and Met. Eng. 

(ec) Liddell’s Handbook of Chem. Eng. . 
(@) Perry’s Handbook. 

(e) Transactions of the A. I. Ch. E. 

6. Experiments on some nine or ten of the Unit Operations 
should be given at every school which is equipped with a labora- 
tory, the total number of experiments to be about fifteen. The re- 
maining five or six experiments may be as the situation of the school 
concerned may demand. 


RECOMMENDATION 


It is recommended that many of these experiment sheets (espe- 
cially the shorter ones) be made available to the members of this 
group. This will, of course, have to be done with the consent of 
the authors of the instruction sheets concerned. Three methods of 
doing this are open to the group: 

1. For the 8S. P. E. E. to appropriate a small sum to have them 
mimeographed and distributed by a committee. 

2. For each school to mimeograph the desired ones and have them 
mailed to the members of the group under the direction of 
a committee. 

3. For the 8. P. E. E. to assemble the best ones into a laboratory 
manual and publish it as a monograph. 
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LABORATORY METHODS AND EQUIPMENT USED IN TEACHING 
DISTILLATION 


By JOSEPH H. KOFFOLT anp JAMES R. WITHROW 
The Ohio State University 


The equipment used at Ohio State University for laboratory 
work in distillation was installed with two fundamental purposes 
in mind, to be used for student teaching of laboratory work in 
chemical engineering operations and for research work. Consid- 
erable thought was given before getting price quotations to the de- 
sign and specifications of the fractional distillation unit, for in- 
stance, keeping in mind that the equipment would have to be of 
such nature that it would give results that would quantitatively 
illustrate the basic principles of nearly all phases of distillation 
studied in the lecture course work, would have to be large enough 
to minimize the imminence of error with too small equipment, but 
small enough to cut down expenses of materials used, and at the 
same time flexible that it be susceptible to changes in operation, and 
alteration to cover the complete range of problems to be studied 
and investigated. After detailed correspondence with manufac- 
turers of distilling equipment in the country, a distillation unit 
meeting our specifications and design was purchased, and was 
eventually set up by our Senior chemical engineering students as 
regular part of their laboratory work. 


DESCRIPTION OF EqQuipMENT USED IN TEACHING DISTILLATION 


The distillation unit set up is made of copper with brass and 
bronze fittings. Dimensions are as follows: 


Floor Space. 

Still Kettle. 

Column. 

Taps each plate in column 

Number of liquid taps per plate ............: 2 
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Reflux Condenser. 


Number of tubes ......... 33 
Sq. ft. condensing surface .........-....++004: 19.4 sq. ft. 
Final Condenser. 
Sq. ft. condensing and cooling surface ........ 13.35 sq. ft. 
Receivers. 
Feed Storage Tanks. 


Auatlhary Still Equipment 


1. 24 bulb indicating balance Wheatstone bridge resistance ther- 
mometers. Temperature from any point in still can be taken 
from one station. All temperatures can be taken in a period 
of about 5 minutes. 

2. Mercury immersion industrial indicating thermometer in vapor 
line from refiux to final condenser, the observer at this point 
controls water to reflux condenser when operating still as 
batch column still. 

3. Rotameter, capacity 0 to 20 pounds per minute for measuring 
amount of reflux to top plate. 

4. Rotameter, capacity 0 to 10 pounds per minute for measuring 
amount of distillate. 

5. Water meters for measuring amount of water to reflux and 
final condenser. 

6. Sharp edge orifice for measuring amount of feed to still when 
operating still as continuous simple and continuous column 
still. 

7. Bourdon pressure gage and mercury manometers to measure 

steam coil and still pressures. 

. Carpenter separating calorimeter to measure quality of steam. 

Armstrong steam ‘trap for delivering condensate from steam 

coils to weighed buckets. 
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10. Safety valves to insure safety at all times. (These are tested 
at frequent intervals during still run.) 

11. Hydrometers, Westphal balance, pycnometers, vapor pressure 
apparatus for various tests in connection with still runs. 


Flexibility of Distillation Unit 


The distillation equipment may be operated in the following 
ways: 


. Simple batch still. 

. Simple continuous still. 

. Batch column still. 

Continuous column still. 

. Stripping still. 

. Steam still. 

. Bubble cap absorption tower. 

. To illustrate simple and compound dephlegmation. 

. Any of the above continuous or batch operations may be carried 
out under atmospheric pressure or any degree of desired 
vacuum. 

10. Taps are also provided so that by insertion of proper connec- 
tions various components can be withdrawn from various 
plates in the column. 

11. Opportunity of work on heat transfer, flow of fluids, applica- 

tion of nomographic charts, Cox charts, Duhring Lines is 

afforded in set up. 


SOND ore co De 


Previous TRAINING AND REFERENCE Books UsED 


Laboratory work in the chemical engineering operations is given 
to senior and graduate students who have had two years of mathe- 
matics, all courses in chemistry including physical chemistry, fuels, 
and lecture course work in the chemical engineering operations, in 
which Walker, Lewis and McAdams is used as a partial basis of 
problems. In the laboratory course no text is used but students 
enrolled in the course are strongly urged to purchase Perry’s 
Chemical Engineer’s Handbook, and Industrial Chemical Calcula- 
tions by Hougen and Watson. Mimeographed instruction sheets 
are also used. The following reference books are available and 
used when studying distillation in the laboratory course; Principles 
and Practice of Industrial Distillation by Hausbrand, Elements of 
Fractional Distillation by Robinson, Elements of Chemical Engi- 
neering by Badger and McCabe, and Motor Fuels by Leslie. 
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LABORATORY WorK DETAILS 


The first problem on distillation is given in the beginning lab- 
oratory course in chemical engineering and industrial chemistry 
and consists of a problem on simple distillation or dephlegmation 
with optional problems on other phases of distillation. In the ad- 
vanced courses in chemical engineering laboratory which is re- 
quired of all graduate students and elected by most seniors at least 
3 laboratory problems on distillation are assigned to those students 
taking this work. 

The squad system is used in all experiments on distillation with 
exception of the experiment on vapor pressure determination which 
is used in connection with the problem on steam distillation. The 
schedule of experiments are so arranged that foremanship of 
squads rotates. The squads are given mimeographed sheets con- 
taining pertinent information and the specific results to be ob- 
tained. Before beginning the test the squad must submit to the 
instructor in charge a program of work stating readings to be 
taken, position of observers, methods of control, points of sampling, 
and pass a quiz on the problem. Approval is then given to proceed 
with the experiment. This requirement is made primarily from 
standpoint of safety and secondly to make sure the student knows 
the desired objective of the experiment. 

In every case the student is required to plot a running graphical 
log of the test run, this consists of a plot of all observed and eal- 
culated variables versus time. We have found this to be one of the 
best ways to stimulate the students interest, at same time develops 
a better understanding of principles involved and relationships of 
the various variables. 

Wherever possible and especially in experiments of long dura- 
tion the members of squads shift position at different intervals of 
time, ¢.g., in continuous column still distillation which is usually 
8 or more hours in length a man will act as observer at following 
stations for at least two hours each; resistance thermometer and 
feed station, graphical log station, condensor station, and still 
kettle station. 

In all eases reports of experiments are required. We have 
found by experience that requiring each man to write individual 
reports is better than group reports. Calculations are usually 
made in the laboratory computing room and is accompanied by 
much discussion between squad members and instructors. Final 
reports with detailed discussion, ete., are usually written at home. 
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CONFERENCES AND EXAMINATIONS IN CONNECTION WITH LABORATORY 
Work ON DISTILLATION 


In connection with laboratory work conferences are held with 
class on each experiment. They consist of a maximum of three 
one-hour conferences for each experiment. In these conferences 
the work of the lecture course in chemical engineering operations 
are reviewed, applications of physical chemistry, thermodynamics, 
ete., are emphasized, and more advanced phases of work are dis- 
cussed much in detail. Students are assigned in addition to their 
laboratory work a problem on distillation, to be worked out as part 
of regular work in the course, nature of problem is similar to A. I. 
Ch. E. contest problem but somewhat shorter in length. The final 
examination in the course is an open book examination and con- 
sists of problems one of which is on some phase of distillation. 


OBJECTIVES ATTAINED IN LABORATORY WoRK ON DISTILLATION 


Problem 1B: To Test a Batch Still in Simple Distillation of Binary 
Mizture. 

1. Comparison of results of experimental data with computed 
values theoretically calculated (Lord Rayleigh Equation). 

2. Graphical Integration use of planimeter and integraph equip- 
ment. 

3. Applications of Thermodynamies—Enthalpy Diagram. 

4. Material Balance—Check on Technique. 


Problem 2B: To Determine Efficiency of Batch Column Still in 
Distillation of Binary Mizture. 

1. McCabe Thiele Method caleulation number of plates column 
still. 

2. Murphree method calculation of plate efficiency. 

3. Construction of column still. 

4. Better understanding of underlying theory, as minimum re- 
flux ratio, effect of varying reflux ratio, ete. 


Problem 3B: Detailed Instructions for Operating Continuous Still. 
1. Judgment in interpreting data. Applying data obtained in 
one experiment for operating directions in another. 
2. Application of other methods of column still calculations, 
as Hausbrand method, ete. 


Problem 4B: To Study Characteristics of Operation and Determine 
Plate Efficiency of Continuous Column Still. 
1, Comparison of experimental and calculated results. 
2. Application of nomographie charts to solution control prob- 
lems. 
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3. Understanding of effect of varying operating conditions. 
as composition of feed, rate of feed, reflux ratio, ete. 


Problem 5B: To Study Characteristics of Operation of Steam Still. 


1. Application of phase rule. 
2. Review of Steam Thermodynamics, Use of Mollier Diagram. 
3. Use of Vapor Pressure Determination Apparatus, ete. 


After having finished laboratory work in distillation together 
with work taken up in conferences the student should have a thor- 
ough knowledge of the theories and calculations involved, the limi- 
tations and potentialities. He should have a fair mastery of the 
subject and be able to apply this knowledge to other problems of 
distillation in the field. 


THE VALUE OF INDUSTRIAL INSPECTION TRIPS TO CHEMICAL 
ENGINEERING LABORATORY WORK 


By E. E. RANDOLPH 
Professor of Chemical Engineering, North Carolina State College 


In order to appraise properly the necessity for plant study as 
a part of the practice work of Chemical Engineering students and 
the value such plant inspection trips is or should be to them I 
believe it best to give a very brief review of the present status of 
chemical engineering training and a statement of some of the 
duties the chemical engineer is expected to perform. 

Naturally in planning the type of training for its chemical 
engineering students each department, I suppose, considers the 
kind of jobs it is able to get for its graduates. In our several 
departments we know our students somewhat intimately and we 
know the kind of jobs we have been able to get for them. We are 
therefore in a position to recommend the various graduates so that 
the man and the job fit. But in order that the man may fit the 
job he must have practical training and as far as possible in 
observation at least of the operation of the industry in which he 
will work. 

I realize that the group before me today has met here to ex- 
change ideas in an effort to be mutually helpful. Such an exchange 
of ideas is necessary because of the very newness of our calling. 
Altogether we do not yet have a wheelbarrow full of real chemical 
engineering textbooks. None of us are going over old beaten 
paths. Even in the beginning of our own generation there were 


‘ no paths at all in our profession. Apparently the first outlines 
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of courses intended specifically to train men for actual work with 
a chemical plant outside of a laboratory were in Tulane in 1894, 
in the University of Illinois in 1895, in Massachusetts Institute 
and in the University of Michigan in 1898, in the University of 
Ohio in 1902, and in the University of Wisconsin in 1905. Of these 
only one was not a landgrant college. Chemical industries in this 
country were generally small and were not numerous. The job 
of the first so-called chemical engineers was to build the plant and 
the equipment and not to operate them. Definite direction in the 
training of chemical engineering as a distinct branch of engineering 
seems to have been initiated in the outline of courses in Massa- 
chusetts Institute in 1907 and in Columbia in 1910 and in the 
organization of the American Institute of Chemical Engineers in 
1908. Even up to the time of the World War chemical engineering 
training was mostly a hybrid mixture of courses in chemistry, 
mechanical, and electrical engineering. When, however, the real 
test of nations came chemicals were demanded on a large seale and 
consequently industries sprang up over night. Too often disas- 
trous wrecks occurred. A real lack was definitely felt in the type 
of training the young men generally were receiving for the prac- 
tical operation of the plants. Men had been trained with test 
tubes, but they lacked the training to ‘‘foresee and control the 
varying factors in the large scale operations of industry.’’ 

Is it any wonder therefore that our craft is not yet fossilized? 
Indeed we are yet far from the end of that war which gave the 
real first cause for many chemical engineers in this country, but 
we are still floundering in the backwash of it. During these times 
which have tried men’s souls our craft has developed. The whole 
world has become revolutionized. In one generation we have gone 
from the horse and buggy to air conditioned trains and airplanes 
and to a thousand other requirements of modern civilization un- 
dreamed of by the veterans of the Civil War. We have therefore 
by no means reached a stage when we should even consider stand- 
ardization, but we can at least take time to consider principles and 
practices fundamental to all of us and the basic groundwork com- 
monly agreed on as essential to all sound chemical engineering 
training. Naturally autonomy should be left to the individnal 
institutions to meet the requirements of the types of chemical 
industries served by them. 

All seem to agree that very definite practical training is neces- 
sary so that the chemical engineer may be able to meet in the best 
manner possible the various duties he may be called on to do. 
Some of these duties may be briefly summarized as follows: De- 
signing, constructing buildings, machines, and equipment, operat- 
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ing chemical plants, comparing one process with another, modi- 
fying existing processes, devising new processes, considering proper 
raw materials, handling and routing large quantities of materials, 


balancing input against output, discovering and preventing sources © 


of loss, making the most of by-products and waste products, main- 
taining the proper relationship between cost and receipts, recover- 
ing reacting chemicals, controlling the varying factors of the 
operation in every step of the process, creating a market and 
making the product at a price the public can afford to pay, main- 
taining an efficiency such that there can be assured a legitimate 
profit, and studying to produce the maximum yield of the highest 
quality at the minimum cost. 

This is a rather comprehensive program for our young gradu- 
ates to face. They are not ready for the full responsibility of all 
of these duties as soon as they graduate, but they must realize 
their significance. Of course they must start at the bottom not 
in a ‘‘position’’ but in a job out in the plant as apprentices or 
as cadet engineers. If we as instructors have realized our oppor- 
tunities and pointed out these factors of successful production in 
our plant practice work our graduates will not long remain at the 
bottom. 

The following are some of the ideas gathered from the eleven 
years experience of our own chemical engineering department and 
the experiences of other departments. I am sure that each of you 
follow with keen interest the work of your graduates as we follow 
the work of 160 graduates of our department in over 60 large 
chemical industries and realize as we have that it has paid to 
make our training as practical as possible. 

Since others on this program have discussed laboratory instruc- 
tion in unit operations I simply mention the fact that this personal 
laboratory work enables the student more fully to see the sig- 
nificance of the operating size units in their plant practice study. 
The ingenuity of the successful chemical engineering teacher is 
taxed to find every possible means to demonstrate the real fune- 
tions of the chemical engineer’s work as mentioned above. Among 
these agencies may be mentioned flowsheets, flowboards, exhibits 
of products arranged as flowboards or flow tables, small batch size 
laboratory equipment, a properly equipped department shop, con- 
trol instruments, cut-away meters and valves, moving pictures, 
graphs, charts, practice in designing and building pilot size operat- 
ing equipment such as a model water treating plant of about 100 
gallons per hour built to seale, and the constructing of gas, oil, coke, 
and electric furnaces arranged for exact control. Some of the lab- 
oratories can not have as many types of equipment as are desired 
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and hence their staffs find it necessary to supplement their labora- 
tory instruction with plant study to make up for some of the lack of 
facilities in the laboratory. Even in the large and wealthier in- 
stitution it would not be possible or desirable to duplicate real 
plant operation conditions on a large plant scale so that it is 
equally as necessary that students of all departments make sys- 
tematic plant studies in order to get the right attitude toward 
plant work after graduation. 

It is not necessary to make frequent, long and expensive pil- 
grimages to get the benefits of plant inspection and practice study. 
If we have shown the right spirit of co-operation, the local indus- 
tries welcome us to the full benefits of their plant operation. Any 
of us can find abundant information about plant operation in the 
study of the local gas plant, in the city waterworks, in the South 
in the cotton oil mill or fertilizer works with their sulphuric acid 
plants, and certain special phases of chemical engineering may be 
studied practically at other plants, such as refrigeration, heat ex- 
changing at the local ice and cold storage plant, humidifying and 
water-softening at the local textile mill, drying at the local brick 
plant or lumber yard, boiler operation, boiler feedwater treatment, 
fuel efficiency, primary and secondary combustion studies, flue 
gas analysis and from the results make various types of calculations 
to aid in the proper operation of the boiler, generation and trans- 
mission of power, pressure gauges, flow meters, recording meters, 
formation of clinkers, regulation of air supply, all at the college 
power plant. 

In our system at North Carolina State College our staff mem- 
bers meet the chemical engineering freshmen only one hour a 
week. There is therefore little opportunity for plant study. How- 
ever we have found it profitable to give them an introductory idea 
of chemical engineering work by arranging one day’s study trip. 
On one of our trips we leave at six o’clock in the morning, travel 
fifty miles and visit the pyrophyllite or tale mine. The students 
are taken down into the mine to the workings and tunnels about 
400 feet deep. A rather lasting impression is made on their minds 
of the systematic manner of the work, the lighting system, the 
ventilation system, the pumping system, the methods for handling 
large quantities of materials, the working conditions for the miners, 
separation of undesirable materials, and at the surface attention 
is called to the power motors and the safety controls for the shaft 
hoist, the various kinds of conveyors, the different types of crush- 
ers, grinders, pulverizers, and separators. The significance of 
the meaning of different mesh screens is grasped, as well as how 
a market can be created for a hitherto neutral product by a con- 


4 
| 


540 CONFERENCE ON CHEMICAL ENGINEERING 


sideration of the fact that from 15 to 20 tons of this material is 
shipped per day to the makers of face powders, and other ship- 
ments are made for fillers in tires, roofing, ete. On this circuit we 
include a visit into the Deep River coal mines. Other introduc- 
tory plant study short trips are made to the big aluminum plant 
where the electrolytic reduction process is observed, along with 
observation of the making of electrodes and the carbon plant, the 
big are furnaces for reduction of silicon from its ore, the big rotor 
converters, the power generation at the big dam whose water head 
is 40 feet higher than Niagara Falls, and the operation of the big 
gas producers. Another short trip of an hour distance is to ob- 
serve the machinery, equipment, and operations in one of the very 
large tobacco plants nearby. Here the students get a real idea 
of the perfection of automatic machinery. Such a day’s study 
and observation trip is of great value to a freshman. It stimulates 
him to work hard to prepare himself within a few years to be ready 
to work in a big chemical plant. It makes concrete in his mind 
the chemical engineering idea which all may have been more or 
less hazy before. As a rule very few of these men who go on 
such trips ever decide to change to any other professional study. 

More detailed survey trips through two or more large plants 
are made during the sophomore year in which we make an intro- 
duction to chemical engineering operation problems. 

Juniors in small groups undertake regular plant study on the 
local plants of the city more particularly concerning the processes 
employed; for example, at the city gas plant the groups make a 
rather thorough survey including: 

1. General information : 

(a) Owners of plant, present officials, types of gas made, 
miles of pipeline, number of meters, water supply, 
charter, value of property, ete. 

(b) Favorable location: Outside of city where taxes are 
low; removed from residential part of city; near 
stream to receive waste liquors; contour of site is low 
and sloping so that the railway sidetrack on level with 
main track runs into the coal house and ears are 
dumped by gravity; hand operated coal trucks are 
pushed without effort down before the retorts; as the 
coke is pushed from retorts it falls by gravity through 
a chute into the buggy below in the basement from 
whence it is easily pushed down the sloping track into 
the coke yard below. The quench water and waste 
liquors run by gravity through the separators and 
treating chambers out into the stream below. 
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(c) Analyses of each type of gas made. 

(d) Construction of the benches, making of producer gas 
for distillation of the coal in the retorts above, ar- 
rangements of retorts, separation of the tar, hy- 
draulic main, exhaust pump, tar extractor, conden- 
sérs, wash box, scrubber, purifiers, recovering iron 
oxide, gas holders, pressure regulators, meters, 
gauges, recording instruments, calorimeters, gas flow 
meters, the distribution system, pressure pumps, 
service connections, disposition of byproducts tar and 
coke, construction and operation of water gas set. 

(€) Estimation of cost of making and servicing of coa] gas 
and of water gas. 

(f) Systematic reports on plant study. 

The seniors make a more detailed and mathematical study in- 
cluding the designs,. capacities, and construction materials of the 
building and of each major unit of the equipment, construct flow- 
sheets, ground plans, elevation plans, pipe and electric diagrams, 
temperature controls, heat transfer, heat exchangers, heat losses 
and balances, insulation, economizers, waste heat boiler calcula- 
tions, boiler efficiency, feedwater analysis and softening, boiler 
scale and its prevention, uses for exhaust steam, economies of using 
the hot coke directly from the retorts in the producers below and 
of burning the hot gas around the retorts, weirs, venturi, and ori- 
fice meters, recording meters and pressure gauges, operator’s re- 
port, office records, and cost accounting. . 

During the second term of the senior year after such plant 
practice study and after we have studied the principles of unit 
equipment and unit operations somewhat carefully we make each 
year a senior inspection and study trip averaging from 600 to 800 
miles circuit. Different circuits are made in succeeding years 
for the benefit of graduate students and for contacts. We are for- 
tunately situated so that the trips between plants can be made 
early in the morning or in the evening after the day’s practical 
study. After plant practice study tied in with our class study at 
home during the junior and part of the senior year as described 
above, the students are prepared to observe in a reasonable time 
many of the chémical engineering principles employed in the vari- 
ous plants. Notes are kept and detailed reports are required after 
the return to the campus. One of our circuits includes an oil re- 
finery and food plant, oxygen plant, carbon dioxide plant, rub- 
ber plant, electrolytic plant, finishing plant, tanning plant, mines, 
paper and pulp plant, blast furnace, glass plant, cement plant, 
wood distillation plant, rayon plant, alkali plant, water softening 
plant, disposal plant, and tobacco plant. 
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A definite schedule is planned and observed. The officials of 
the plant graciously codperate. Some of our own graduates are 
employed in most of these industries and hence a personal interest 
is added to the opportunities of the visits. 


BENEFITs TO STUDENTS 
1. Students early get an actual introduction to Chemical Engi- 
neering work. 
2. This is a progress process as the student advances. 
3. The student gets an actual idea of plant operation. 
4. Appreciation of varying factors in manufacture and their 


control. 
5. His idea of an industry as a business organization is prac- 


tically fixed. 
6. He gets the right attitude toward his profession. 


i 
4 
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COMPREHENSIVE EXAMINATIONS FOR HONORS GROUP 
STUDENTS IN ELECTRICAL ENGINEERING AT 
THE MASSACHUSETTS INSTITUTE 
OF TECHNOLOGY * 


By R. H. FRAZIER 
Assistant Professor of Electrical Engineering 


Our comprehensive examinations cannot be properly explained 
apart from their setting in our honors-group plan of which they 
are important elements. Hence I shall digress a little and supply 
the proper background by outlining this plan, and by discussing 
the examination situation somewhat in general. 

There is a variety of forms of examination termed comprehen- 
sive or general. An examination may be comprehensive in that 
a wide range of subject matter is embraced. It may be compre- 
hensive within a subject or comprehensive within a field. It may 
be general in the same senses with which I have used comprehen- 
sive, or it may deal with generalities rather than with particulars. 
Perhaps the best use of the term comprehensive is in the sense of 
comprehension or understanding. The examinations may be writ- 
ten or oral or both. They may be of the objective type, the essay 
type, or the problem type, or a combination of several types of 
question. The examination may claim comprehensiveness owing 
to the large number of detailed questions within a subject or within 
a field (and in fact may amount to little other than saving the 
usual examinations and putting them on a pile at the end of the 
year) ; or it may claim comprehensiveness because each problem 
and question may in itself involve a more or less eemprehensive 
project. Outside examiners may or may not be used. The exami- 
nations may be found at several levels in the educational process. 
Hence it is seen that owing to our practice having advanced some- 
what ahead of our terminology it is necessary to state the exact 
specifications for a comprehensive examination associated with a 
particular project. This I shall do presently for the project which 
I shall discuss. 

Perhaps it is fair to say however, that essentially all compre- 
hensive or general examinations have in common two closely re- 
lated objectives: (1) the encouragement of correlation of subject 

* Presented at the annual meeting of the New England Section, 8. P. E. E., 
Rhode Island State College, October 20, 1934. 
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matter and (2) the removal of official forgetting points established 
by the usual term examinations in individual subjects. The in- 
troduction of comprehensive examinations in this country is being 
influenced largely by dissatisfaction with the prevalent system of 
independently-taught subjects each with its separate examination. 
With the exception of Harvard College and a few other pioneers, 
the considerable interest in comprehensive examinations evinced 
by colleges of liberal arts has been largely a phenomenon of the 
past ten years, associated with the introduction of honors courses, 
until now the college catalogue which does not offer an honors 
course of some sort, with which is likely to be associated a compre- 
hensive examination of some kind, is the exception rather than 
the rule. A considerable amount of literature is available con- 
cerning these projects. In engineering education very little has 
been reported, and apparently very little has been done, though I 
have heard directly or indirectly of a half dozen or so projects, 
either existing or proposed, which sound very interesting. In fact 
when I was asked to give this report, I was engaged in the act of 
sending out some inquiries to learn what is being done elsewhere. 
For the past half dozen years I have spent no small amount of time 
answering detailed letters of inquiry concerning our project, and 
filling out questionnaires, and sending out a hundred or so copies 
of our examination to interested persons each year. I finally con- 
eluded that this had become too much of a one-way proposition 
and so decided to retaliate by asking a few questions myself; so 
I am writing to Deans or Heads of Departments in quite a num- 
ber of engineering schools. However I have made my request com- 
paratively easy to comply with, in that all I have asked, is in effect 
that if a comprehensive or general examination is being used, 
whether I might have a copy.* Here I have not defined the term, 
for I want to see what goes under that name. 

I do not know why the engineering schools at large are so slow 
to take hold of the comprehensive examination idea, but I gather 
from miscellaneous conversations that there is considerable inter- 
est in the idea and that the trial here or there merely is one of 
those things which has to wait until a busy staff with a reduced 
budget can get around to it. The principal arguments I have 
heard against the use of comprehensive examinations in engineer- 
ing are (1) that the subject matter of engineering courses is in- 
herently so logically related that stimulus toward correlation is 
superfluous, and (2) (which applies not exclusively to engineering 
education) that the nervous tension of having his fate depend on 
one momentous attempt is too great a tax upon the student. I think 
that the best answer to the first is for anyone who really believes 


* The results of this survey will be reported at a future time. 
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it to try a searching comprehensive examination on his seniors and 
see whether he still believes it. The second difficulty can be largely 


avoided by a proper program. 


When I say that the introduction of comprehensive examina- 
tions is being influenced largely by dissatisfaction with the preva- 
lent examination system, I am reminded of Dr. Bush’s critical 
paper * delivered at the University of Maine a few years ago. Some 
of the principal criticisms may be reviewed and amplified as fol- 
lows: 

1. The students place emphasis upon passing examinations 
rather than upon obtaining an abiding understanding of subjects, 
and push a subject into the realm of the forgotten as soon as the 
examination is passed. It becomes one more thing that will never 
have to be done again—an irrevocable installment payment on the 
degree. The students accept the grades in the examinations as evi- 
dence of satisfactory accomplishment, and are deluded. 

2. The usual examinations emphasize the immediate and the 
fragmentary. In the brief time of sometimes as little as ten or 
fifteen minutes allocated to each question, the mental process is 
reduced largely to one of memory of formulae and solution of 
problems by analogy to similar situations. In order that results 
can be obtained in ten or fifteen minutes it is necessary to use 
problems presented from the class-room point of view, which the 
student can quickly recognize and identify. Otherwise it would 
be necessary for the student to use some originality and think for 
himself, and then he would probably have insufficient time to reach 
a solution. The situation encourages jumping at conclusions in 
order to obtain some result rather than none. While the educa- 
tional value of working under time pressure is recognized on ac- 
count of its relation to actual working conditions wherein it is 
imperative to make quick decisions, do something, and do it right, 
this sort of thing seems to be much overdone. The engineer for- 
tunately does not have to live in an atmosphere of perpetual emer- 
gency, much of his best work having to be the fruit of prolonged 
study, resourceful analysis, and the weighing of many factors. In 
the brief problems of the usual examination the students see only 
what might be fragments of larger engineering problems. The 
students are deprived of the experience of analysing the larger 
problems, breaking them down into their parts, studying the rela- 
tionships of the parts, and building up the solutions. 

***Critieal Analysis of the Examination System of American Engineer- 
by V. Bush, JourNaL or ENGINEERING EpvucaTion, Jan., 1933, 
p. 322. 
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3. The student is hounded by examinations and quizzes. Prac- 
tically every several days a quiz must be passed in some subject or 
another, and the attention is always concentrated on passing an 
immediate hurdle, to the exclusion of taking a longer range view 
of the educational process as a whole. 

4. Examination questions are frequently poorly written. They 
are ambiguous, or local in terminology, 7.¢., phrased in such a way 
that the professor and students under him may understand what is 
meant but others may not. This is a disadvantage due largely to 
the custom of having the professor also the sole examiner in his 
subject. In a pamphlet* published by the Office of Education, 
United States Department of the Interior, I read in a section en- 
titled ‘‘Improvement of the Essay Type of Examination’’ an ac- 
count of the results of having two or more judges rate some twenty 
examinations from four different departments of a university. 
There was considerable divergence in the scoring. The following 
comment was made: ‘‘Study of these examinations revealed the 
fact that a large number of the variations of the scores assigned 
by the different judges were due to two things, namely, lack of 
agreement as to what the question asked for, and lack of agreement 
as to what the answer should be.’’ The second may have been 
largely a consequence of the first. It is claimed that the objective 
type of examination eliminates the personal element introduced 
by the judges, but in my limited study of such examinations, I 
find that they also contain ambiguous questions and hence some- 
times are actually unfair in leaving little opportunity for exercise 
of judgment in the rating of the questions, since they are frequently 
scored by persons who know nothing other than what answer to 
look for, and the student has little opportunity to state his point 
of view in case an ambiguity exists. 

The net results of the various defects outlined are that the 
schoolboy attitude is encouraged to continue long after a more ma- 
ture attitude of self reliance and responsibility should be expected 
from students of college age, and that students are graduated whom 
employers tell us are ordinarily well-equipped to handle a segre- 
gated part of a typical problem when it is cut out and handed to 
them, but are too frequently unable to meet new situations ade- 


quately. 


The comprehensive examinations developed in the Department 
of Electrical Engineering at the Institute are given only to a se- 
* ‘Research in Higher Education,’’ Office of Education, United States 


Department of the Interior, Bulletin, 1931, No. 12. Section entitled ‘‘Im- 
provement of the Essay Type of Examination,’’ by R. W. Leighton, p. 16. 
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lected honors group * of students who are chosen near the end of 
the sophomore year on the basis of excellent academic records and 
the opinions of instructors relative to their qualifications for profit- 
ing from a situation granting greater freedom of work and de- 
manding more exercise of responsibility and judgment. During 
the junior and senior years the students are granted freedom from 
class attendance, and from routine problems and laboratory work 
(though beginning this year t the electrical laboratory work is on 
the same investigative basis for all students, so that what once was 
a special privilege for honors-group students only, now has become 
the established policy for all, which is illustrative of the fact that 
the influence of the honors-group project actually is felt by the 
students as a whole). The honors-group students are encouraged 
to do more extensive reading and studying independently and to 
carry on all their work in an investigative spirit, subject to the 
advice of members of staff. Seminar meetings are held in which 
problems of a more comprehensive nature than is common in the 
usual class-room procedure are attacked, and the results of labora- 
tory work or of reading are reported and discussed. All of the 
usual term examinations and many of the intermediate quizzes are 
omitted. There is a comprehensive examination at the end of the 
junior year, and one at the end of the senior year. 

These comprehensive examinations are made up according to 
the following description. 

Each examination is one covering electrical engineering as a 
professional field, rather than one dealing principally with the 
details of individual subjects or comprehensively with any one sub- 
ject. Each examination therefore relates not only to the work of 
the particular year, but also to previously-studied foundation and 
collateral material. 

Each examination consists of two written parts, which for the 
seniors are followed by an oral session. 

The major written part is made up largely of problems of a 
project nature, each in itself more or less comprehensive, involving 
the interrelationships of the material of several subjects, inter- 
woven in the fashion naturally found in practise rather than arti- 
ficially isolated, and being of a nature which makes a demand 
upon originality, resourcefulness and judgment. The problem 
statements are couched in such a way that a part of the problem 
is to formulate it, rather than in such a way that the problem is 

***An Experiment in the Honcrs Treatment of Students in Electrical 
Engineering,’’ by R. H. Frazier, School and Society, Mar. 3, 1934, p. 271, 
‘‘Honors Group Plan,’’ by R. H. Frazier, JourNAL oF ENGINEERING Epvuca- 


TION, Oct. 1934, p. 169. 
t 1934-35. 
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all set up ready for the insertion of the data in the proper formu- 
lae. A particular effort is made to state the problems in interest- 
ing ways, and to have them relate to something worth doing, so as 
to catch the student’s imagination, and prevent him from feeling 
that he is being subjected merely to an exercise which has to be 
gone through. The problems are designed to average about a day’s 
work each, and each student may be required to solve from six 
to ten problems (with reasonable range of selection) depending 
upon circumstances. Adequate time (the major portion of a two- 
week period) is allowed for preparing the answers, so that they 
may be the result of reflection and mature thought rather than of 
hasty and incomplete analysis. Reference is permitted to texts, 
handbooks, periodicals or any other sources of reference desired, 
though each student’s work must, of course, be individual. Em- 
phasis is therefore placed on analysis and judgment rather than 
upon memory. 

The other written part of the examination consists of sets of 
brief questions dealing more particularly with the details of indi- 
vidual subjects, fundamental definitions and conceptions, and the 
producing of accurate results under pressure of limited time. 

The oral session for the seniors extends over a day. In the 
morning the students are questioned individually by the examiners 
concerning solutions submitted, and upon their understanding of 
such matters as the examiners consider may be enlightening in the 
particular case. In the afternoon there is a joint meeting of stu- 
dents and examiners at which brief expositions of analyses of cer- 
tain examination problems, or of laboratory or thesis problems, are 
presented as tests in presenting effectively, in a limited time, the 
salient features of complicated situations.* 

The examination is set by a committee consisting of three out- 
side examiners, two invited from industry and one from another . 
engineering school, plus several members of the Institute staff. 
One member of the Institute staff serves as chairman of the com- 
mittee and editor of the examination. He submits the questions 
to critical appraisal in the light of the specifications which they 
should meet, and endeavors to search out all ambiguities. A first 
draft then is circulated among the committee members and others 
interested, with suggested modifications for study, and a final draft 
is eventually arrived at after much labor and combing over. 

After the termination of the examination, the committee de- 
cides upon the disposition of each student’s case, and discusses the 
effectiveness of the procedure. In case the committee is not satis- 

* Since the presentation of this paper, the procedure for the oral session 
lias been modified somewhat with very satisfactory results. Space does not 
* permit the addition of a description of these changes at this time. 
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fied with the work of any student, additional work may be required 
of him as the circumstances may dictate. 

Now all this did not come into being at once. The process of 
evolution was briefly as follows. 

When the honors-group plan was established in 1925, the honors- 
group students were required to take all of the usual term exami- 
nations and quizzes. 

When the second class approached graduation in 1928, the stu- 
dents were asked whether they would codperate with the Depart- 
ment by seeing what they could do with a comprehensive examina- 
tion. The students agreed, so a brief set of questions was drafted 
by members of the Department staff, and a combination of written 
and oral examination was arranged. This of course was neces- 
sarily on a much smaller scale than the present program, since the 
examination was taken by the students as an experiment in addition 
to the usual final examinations, and because of lack of precedent 
for the undertaking. However, the interest shown by both the 
students and staff was such that the experiment was tried again 
the following year, this time staff members from other than the 
Electrical Engineering Department also contributing. In 1930 
the examination acquired real weight by being instituted as a re- 
quirement instead of the usual second-term senior-year final ex- 
aminations in the electrical-engineering-department subjects, and 
outside examiners were invited for the first time. In 1931, all 
second-term senior-year final examinations and quizzes in all sub- 
jects of the electrical-engineering courses (whether taught in the 
Electrical Engineering Department or in other departments) were 
waived in favor of the comprehensive examination, and the two- 
week period was introduced. At that time the examination ac- 
quired substantially the character which it now has, except that 
the second written section involving the briefer problems concern- 
ing details of individual subjects had not been introduced. This 
and the junior-year comprehensive examination were introduced 
last year, at which time all junior- and senior-year term examina- 
tions and many intermediate quizzes were abolished. The junior- 
year examination differed from the senior-year examination prin- 
cipally in that the scope had to be somewhat less and the part 
involving the questions of details of particular subjects though still 
the minor part had somewhat more proportionate weight in com- 
parison with the part involving the comprehensive problems. 


Now as to the results: The results of the earlier examinations, 
while not too discouraging, certainly indicated that if we wished to 
turn out men competent to meet new situations in a resourceful 
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and self-reliant manner, we ought to seek a more powerful process. 
Further evidence of this was the fact that the men ordinarily 
passed the usual examinations with excellence. It was with the 
conviction that our comprehensive examination as a standard was 
in the main correct, and that it was the preparatory process which 
needed strengthening, that we practically completely abolished the 
usual examinations last year * and introduced the junior-year com- 
prehensive examination and the seminars. While one swallow 
does not make a summer, I am happy to say that last year * the re- 
sults of the senior-year examination were really excellent. The 
juniors did not do so well, but since this is the first time it was 
tried with them, and since they actually did better than the seniors 
did the first few times the comprehensive examination was tried, 
the situation is not discouraging. Peculiarly enough, the juniors 
turned in poorer results for the questions of detail than for the 
comprehensive questions, which may indicate that we bent over 
backward somewhat in our efforts. This situation, together with 
the character of the newer written part of the examination, forms 
the basis for our particular study this year.t In this connection I 
think that there may be some possibilities in the objective type of 
examination. On the other hand I feel that the part of the exami- 
nation which deals with the comprehensive problems has reached 


a very satisfactory stage. 


Finally, I should like to say that the students favor our com- 
prehensive examinations, think that they are interesting, and view 
them as valuable educational experiences. They consider them 
fair means of testing what they can do, and prefer to be judged 
more largely on their ability to reason soundly and thoroughly 
when given adequate time, than to be judged so exclusively by a 
series of high-pressure brief examinations and quizzes. They do 
not fear the examinations, and though much more depends upon 
them than on any one of the usual term examinations or quizzes, 
the nervous tension is probably not as great. The interest and 
codperation of the students, in the absence of any academic dis- 
tinetions or other artificial rewards, is evidence that they recognize 
the educational advantages of the program on its own merits, and is 
a major element in its effectiveness. 


* 1933-34. 
+ 1934-35. The results for 1935-36 were a very substantial improvement. 
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NEW MEMBERS 


ALTMAN, Peter, Professor of Aeronautics, University of Detroit, Detroit, 
Michigan. Clair C. Johnston, C. J. Freund. 

ARCHIBALD, WILLIAM D., Instructor in Shops, R. I. State College, Kingston, 
Rhode Island. R. H. Wales, Wm. Anderson. 

BLAck, Loren T., Instructor in English and Mathematics, Long Beach Junior 
College, Long Beach, Calif. A. G. Gehrig, A. M. Turrell. 

CarDOso, ANTONIO CaRLOos, Assistant Professor of Electrical Engineering, Uni- 
versidade de 8. Paulo—Escola Polytechnica, Brazil, 8S. America. V. da 
S. Friere, F. L. Bishop. 

Caywoop, THomas G., Associate Professor of Mechanical Engineering, State 
University of Iowa, Iowa City, Iowa. E. L. Waterman, H. E. Wessman. 

CLARKSON, JOHN M., Assistant Professor of Mathematics, North Carolina 
State College, Raleigh, N. C. R. P. Kolb, L. L. Vaughan. 

CoLEes, Henry G., Professor of Chemical Engineering, University of Detroit, 
Detroit, Michigan. C. J. Freund, Wm. P. Godfrey. 

CoLVERT, WILLIAM W., Associate Professor of Physics, Armour Institute of 
Technology, Chicago, Illinois. E. H. Freeman, W. H. Seegrist. 

CROMWELL, Pavt C., Instructor in Electrical Engineering, New York Univer- 
sity, New York City. 8S. K. Barrett, R. E. Brown. 

DorrR, LAWRENCE O., Assistant Professor of Mechanical Engineering, North 
Dakota Agricultural College, Fargo, North Dakota. R. M. Dolve, Harry 
S. Rush. 

FINCH, STANLEY PHISTER, Professor of Civil Engineering, University of Texas, 
Austin, Texas. T. U. Taylor, J. A. Correll. 

Focut, JOHN ARNOLD, Professor of Highway Engineering, University of Texas, 
Austin, Texas. B. McLaurin, H. E. Degler. 

Francis, SAMUEL A., Head, Mathematics and Engineering Department, San 
Mateo Junior College, San Mateo, Calif. A. G. Gehrig, F. O. Rose. 

Furnas, C. C., Associate Professor of Chemical Engineering, Yale University, 
New Haven, Conn. C. T. Bishop, R. 8. Kirby. 

HAMMETT, Ceci, Epear, Instructor of Mechanical Engineering, Armour Insti- 
tute of Technology, Chicago, Illinois. E. H. Freeman, J. E. Snow. 

HANSON, Rosert S., Assistant Professor of Chemistry, Drexel Institute, Phila- 
delphia, Pa. C. A. Kapp, F. L. Bishop. 

Letson, H. F. G., Assistant Professor of Electrical and Mechanical Engineer- 
ing, University of British Columbia, Vancouver, B. C. C. E. Davies, F. L. 
Bishop. 

KINNEY, GILBERT ForpD, Instructor in Chemistry, Pratt Institute, Brooklyn, 
New York, F. L. Schwartz, L. 8S. Edmonds. 

Linp, SamuEL C., Dean, Institute of Technology, University of Minnesota, 
Minneapolis, Minn. F. L. Bishop, Nell MeKenry. 

Mason, JESSE WILForD, Assistant Professor of Chemical Engineering, Uni- 
versity of Florida, Gainesville, Florida. B. R. Van Leer, 8. P. Sashoff. 
McNEILL, WALTER Hiram, Associate Professor of Drawing, University of 

Texas, Austin, Texas. H. E. Degler, C. E. Rowe. 

MELLO, PAUL DE Farias, Assistant Professor of Heat Engines, Polytechnic Col- 
lege, Federal Technic University, Praia de Icarahy 97, Nictheroy, Estado 
do Rio de Janeiro, Brasil. F. L. Bishop, Nell McKenry. 
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552 NEW MEMBERS 


B., Assistant Professor of Electrical Engineering, Univer- 
sity of New Hampshire, Durham, N. H. L. W. Hitchcock, G. W. Case. 

PAULSEN, Friptsor, Instructor in Mathematics and Engineering, San Mateo 
Junior College, San Mateo, Calif. A. G. Gehrig, A. M. Turrell. 

PLUMMER, FREDERICK B., Professor of Petroleum Engineering, University of 
Texas, Austin, Texas. H. E. Degler, J. A. Correll. 

Rice, Haroup F., Associate Professor of Electrical Engineering, University of 
North Dakota, Grand Forks, North Dakota. 

TayLor, ALTON D., Assistant Professor of Civil Engineering, University of 
Mississippi, University, Miss. A. A. Potter, R. G. Dukes. 

Youne, Hugo Roser, Instructor in Mechanical Drawing and Descriptive 
Geometry, North Carolina State College, Raleigh, N. C. R. P. Kolb, L. L. 


Vaughan. 


175 new members. 
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DEVOTED TO THE INTER- 
ESTS OF THE DIVISION OF 
ENGINEERING DRAWING 


FREDERIC G.HIGBEE, EDITOR 


“Inertia Effects.’? It has been truly said of automotive de- 
velopment that there can be no finality in design. With equal 
veracity can the dictum be expressed that there can be no achieve- 
ment of the ultimate in teaching methods or results. The same 
psychological tendency that prompts an engineer to sit back and 
admire the success of a completed project applies to a teacher, be 
he young or old, if and when he has reason to believe he has de- 
veloped a good course. 

To develop this parallel still further it can be aptly added that, 
as in the case of a practicing engineer, the time of greatest self- 
satisfaction is just the time to be most cautious. So many of the 
older of us can remember when a course seemed to have reached 
its maximum of efficiency, and over night new conditions—new 
thought, new methods, changed policy on the part of colleagues— 
any one and more of these have necessitated starting over. The 
answer to all of this is (1) tireless effort, (2) a receptive mind in 
the analysis of each potential factor, and, above all, By a pan- 
oramie eye constantly focused on the field’ s horizon. 

—Contributed by John M. Russ. 


Editorial Comment. Teachers of descriptive geometry and en- 
gineering drawing who had the opportunity to examine the inter- 
esting exhibits of old drawings and of textbooks at the Cornell 
meeting of the S. P. E. E. had, at a glance, ample evidence of 
change and progress. There is little in engineering teaching that 
has not changed in the last thirty years; and, as has been well 
stated, there is probably little that will not change in the next 
thirty years. During the first thirty years of change engineering 
colleges were fairly good followers; perhaps the next thirty years 
will find them leaders. 
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TRANSPORTATION 
By R. A. MOYER 
Associate Professor, Civil Engineering, Iowa State College 


Progress in transportation has been and is still so rapid that engineering 
teachers have been experiencing difficulty in keeping their course material in 
step with this progress. For this reason, teachers of transportation should 
coérdinate their efforts in determining the basic course work which should be 
presented in transportation courses. There is need for a good text on engi- 
neering problems in transportation. While there are some good text books on 
construction and engineering problems in highways and roads and pavements 
there is no one text book today suitable to teaching courses in railroads such 
as Raymonds or Webbs, which were considered quite satisfactory fifteen or 
twenty years ago. One reason for this is that much of the research data and 
the basic information which should be presented in such a text is lacking 
today. Furthermore, the changes in transportation have been so rapid and so 
varied that no one has been willing to develop a text along the lines indicated 
above. The field of transportation is so big that there is great temptation for 
considerable diversification in treatment of the courses in transportation. Part 
of this may be justified but for the most part, it seems desirable that there 
should be greater agreement among engineering teachers in transportation, in 
regard to subject matter which should be considered as basic in every course in 
transportation. 

The hope has been expressed that members of the committee might com- 
bine their efforts in encouraging highway departments and the railroads to 
provide students with an opportunity to do practical work with them during 
their vacations. Such a connection should prove to be beneficial to all parties 
concerned and should improve our course work. 

The engineering problems in transportation are many and varied, and it 
would seem that the committee should study quite carefully the subject matter 
in all the courses in transportation as now taught at the various colleges and 
universities, with the hope of determining possibly the basic course material in 
a comprehensive course in transportation. Also, there should be a careful 
consideration of research which is urgently needed in transportation to permit 
a satisfactory analysis and solution of problems concerning which little or no 
information is now available. 


GEODESY AND SURVEYING 


By PAUL P. RICE 
Instructor in Civil Engineering, Lafayette College 


The teaching of surveying is a routine duty that has not heretofore re- 
ceived the attention of the S. P. E. E. in proportion to its fundamental im- 
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portance to the engineering curriculum. It is not the purpose of this brief 
outline to analyze or deplore this condition, but to discuss measures that are 
now being taken to correct this situation. 

The committee on Geodesy and Surveying was organized late last spring. 
In general, its function is to study, interpret, and report upon developments in 
various branches of geodesy and surveying practice and research with particular 
emphasis upon coérdinating new trends with the teaching of these subjects. 

An examination of the work the Committee might do, soon disclosed a 
lack of information op many subjects. Accordingly, Questionnaire No. 1, ‘‘A 
Study of Summer Surveying Schools and Camps’’ was prepared by the Com- 
mittee under the leadership of Professor Otto S. Zelner, University of Minne- 
sota. Grateful acknowledgment is hereby made for valuable assistance ren- 
dered to the Committee in the preparation of this questionnaire by Dean Leland, 
a past president of the Society, Professors Bass, Cutler and Boone, all of the 
University of Minnesota. Questionnaire No. 2, ‘‘Surveying Instruments and 
Equipment as Used by Engineering Schools’’ was prepared under the direction 
of Mr. William L. Sawyer, University of Florida. Again, grateful acknowl- 
edgment must be made for valuable assistance rendered by Dean Van Leer 
and Professor Reed. 

The first questionnaire was prepared specifically for two reasons: 

First: To supply several hundred members of the Division teaching Sur- 
veying with a list of schools and camps with essential data concerning each as 
might be useful in planning visits to schools and camps during the summer 
months. 

Second: To secure data to serve as a basis for the general discussion of 
this matter at the coming Annual Convention. 

The second questionnaire was designed to secure general data concerning 
equipment and its use which will be the subject of a paper for the convention 
by Mr. Sawyer. Special mention should be made of the Committee’s offer to 
act as a clearing house for the exchange of serviceable Surveying equipment. 

The aforementioned questionnaires have been prepared with great care, 
and in each instance they represent the combined thought of a number of 
Committee members and interested individuals. The Committee believes that 
it will only require a superficial examination to disclose their value to the 
Division. Accordingly, an appeal is hereby made to those who have not 
responded in order that the list may be complete, and so the Committee may 
have the benefit of widespread and representative opinion. 


e re- 


NECROLOGY 


Cart RossMASSLER was born in Philadelphia, Penna., June 2, 
1877. He was educated at Penn Charter School, Germantown; St. 
Paul’s Cathedral School, L. I., Massachusetts Institute of Tech- 
nology, 1901, 8. B., Nav. Architecture. 

His professional experience was with the New York Shipbuild- 
ing Company, Draftsman, and Hull Inspector; Electro-Dynamic 
Company, Bayonne, N. J., Draftsman, Designer and Asst. Chief 
Draftsman ; Rossmassler-Bonine Electric Co., Phila., Penna., Elec- 
trie Motors and Specialties, Treasurer; Morristown Boat and 
Engine Works, Morristown, N. Y.; St. Lawrence Marine Railway 
Co., and Hall Coal and Transport. Co., Mechanical Engineer in 
charge of Maintenance and Repair; Navy Department, Bureau of 
Construction and Repair, Washington, Supervising Draftsman in 
charge of Standard Plans Division ; Durkee Mfg. Co., Staten Island, 
N. Y., General Foreman ; Domestic Engineering & Pump Company, 
Shippensburg, Penna., Designer and Technical Assistant to Gen- 
eral Manager. From 1920 to 1924 he was Assistant Professor of 
Machine Design, Cooper Union, and from 1924 until his death, he 
was Professor of Machine Design and Mechanical Drawing, Cooper 
Union, New York, in charge of Department. He was a member of 
the A. 8. M. E., S. A. E., 8. P. E. E. 

Professor Rossmassler died December 28, 1935, at 81 Irving 
Place, New York City, of coronary thrombosis. 

He was devoted to his teaching, which occupied the last fifteen 
years of his life. In this he was very successful, probably sacri- 
ficing some years of his life by his unceasiing labors for the good 
of his students. His ideals were high, and he possessed an unusual 
combination of sincerity and frankness, with consideration for 


others. 
(Prepared by E. F. Church, Jr., College classmate, and friend.) 
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The University of Detroit Branch of the S. P. E. E., met Jan- 
uary 21, 1936. Dean Freund appointed the following committees : 

(a) Committee to draw up a type form for syllabi of courses, 
Godfrey (Chairman), Eichinger, McCarthy. 

(b) Committee to report on accepted and useful teaching de- 
vices and procedures, Tapy (Chairman), Pajot, L. R. Blakeslee. 

Both committees are to report by June 1 of this year. 

Dean Freund addressed the members on current administrative 
probiems of the College of Engineering, as follows: 

(a) General Educational Problems: That the faculty be ac- 
quainted with the trend and development of current educational 
problems it was suggested that each member of the faculty read 
the Bulletin of the American Association of Colleges and the 
Record of the American Council of Education. 

(b) Freshman enrollment: The Dean reviewed the freshman 
enrollment for the past four years. From a class of 98, in 1932, 
the enrollment has steadily increased to 185 in September, 1935. 
The enrollment figures of several representative schools were 
quoted, and the percentage increase at the University of Detroit 
is greater than that found in most schools. 

T. C. Hanson, 
Secretary 


The Illinois-Indiana Section of the Society will hold its annual 
meeting in Chicago, Saturday, April 18. 
J. B. 
President 


The twentieth annual meeting of the Kansas-Nebraska Section 
was held in Lineoln, Nebraska, on November 1-2, 1935. There 
were 137 present at the Friday night dinner meeting where the 
members of the section were the guests of the University of Ne- 
braska faculty. R. L. Cochran; engineer-governor of Nebraska 
addressed the group on ‘‘The Engineer in Public Life,’’ and J. R. 
Clark of the Department of Economies of the University of Ne- 
braska spoke on ‘‘The Engineer in a Planned Economy.’’ The 
general meeting was adjourned to the university campus where 
group meetings were held as departmental round table discussions. 

The Saturday morning session consisted of the following pro- 
gram: ‘‘Practical Applications and Demonstration of the Strobo- 
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scope’’ by Professors O. E. Edison and F. W. Norris of the Uni- 
versity of Nebraska, ‘‘Honors Group Plans’’ by Professor R. H. 
Frazier of M. I. T., at present exchange professor at Kansas Uni- 
versity, and ‘‘Social Interests of Government and Engineering 
Edueation’’ by President Rowland Haynes, Omaha University. 
Following a short business session the meeting adjourned to a 
luncheon at the College of Agriculture. 

All sessions were presided over by D. C. Jackson, Jr., of Kansas 
University and more recently Director of Lewis Institute. Pro- 
fessor M. I. Evinger, N. U., was chairman of the program com- 
mittee and was assisted by Professor Earnest Boyce of K. U. and 
Professor R. M. Kerechner of K. 8. C. Officers elected for 1936 
are: Professor C. E. Pearce, K. 8. C., president, Professor E. A. 
Grone, N. U., secretary, and Professor Earnest Boyce, K. U., 
chairman of the program committee. 

The registration for the meeting in addition to University of 
Nebraska members consisted of 35 from K. 8S. C., 21 from K. U., 
8 from the University of Missouri, 8 from Iowa State College, 3 
from the University of Illinois, and 3 from the University of 
Omaha. 

The invitation from the University of Kansas to hold the 1936 
meeting there was accepted. Those attending the twentieth annual 
meeting of this section were unanimously agreed that those in 
charge of local arrangements had done a remarkably efficient piece 
of work and had provided an unusually fine program. 

M. A. Duruanp, K. 8S. C., 
Secretary 


The Annual Fall Meeting of the Middle Atlantic Section of 
the Society for the Promotion of Engineering Education convened 
at the University of Pennsylvania on Saturday morning, November 
2, 1935. 

Registration was held in the Moore School of Electrical Engi- 
neering, and totaled 159 members and guests, of whom 27 were 
ladies. Many of the delegates enjoyed the wonderful and extensive 
exhibits in the University Museum. This was open for their in- 
spection throughout the day. 

The afternoon meeting, held in the Towne Scientific School 
Auditorium, was called to order at two o’clock by Chairman Fur- 
man, who reminded the members of the 1936 Spring Meeting at 
Schenectady. The minutes of the Princeton meeting were read 
and approved, as was also the report of the treasurer. The balance 
on hand was $94.06. 

‘“The New Physics and Engineering’’ was the title of Dr. W. 
F. G. Swann’s excellent address, which dealt with the temperament 
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of the atom. Dr. Swann,* who is Director of the Bartol Research 
Foundation of the Franklin Institute, showed that ‘‘common 
sense,’’ so highly rated in the practical activities of the engineer, 
is not particularly hospitable to the thought of the modern atom, 
and left no doubt in the minds of the assembly that engineers 
should keep a weather eye on the work of the advanced physicist. 

Professor Scott B. Lilly, of Swarthmore College, read a paper 
on ‘‘Mechanies of Engineering—Objectives.’’ The theme of this 
presentation was that the student be made to correlate the work 
which he had had in the various departments of mathematics, 
physies and engineering, and that he realize the unity of his work. 
The title of his paper Mr. Lilly took from the famous book by 
Irving Porter Church, to whose work he gave a glowing testimonial. 

Professor W. 8. Pardoe, of the Towne Scientific School, spoke 
on the ‘‘ Application of the Reynolds’ Number to Flow Meters’’ 
with particular reference to the Venturi meter. Mr. Pardoe showed 
by charts and diagrams various peculiarities in the variations of 
coefficients. We were all particularly interested to note the fact 
that all of the curves seemed to meet at a velocity of 3 feet per 
second and that as the velocities increased the coefficients reached 
the same value. 

‘*The Differential Analyzer’’ known on the Pennsylvania campus 
as ‘‘Little Orphan Annie’’ was the subject of a paper by Irven 
Travis, Instructor in the Moore School of Electrical Engineering. 
Mr. Travis showed that ‘‘Little Orphan Annie’’ not oniy could 
solve intricate differential equations, but was also an astute 
physicist. 

After a brief discussion of these papers the meeting adjourned, 
and the members visited exhibits in the various laboratories. 

The Hotel Pennsylvania, 39th and Chestnut Streets, was the 
scene of the dinner attended by 107 men and women. Dr. Cornelius 
Weygandt, Professor of English Literature, University of Penn- 
sylvania, gave a most interesting lecture on ‘‘Covered Bridges.’’ 

The Committee on Nominations, consisting of George B. 
Thomas, Chairman, Dean Harold Pender, President H. 8. Rogers, 
Prof. Herbert F. Roemmele, Prof. G. K. Palsgrove, submitted the 
following report: 

For Chairman: Professor Frank L. Eidmann, Columbia University, 
For Vice-chairman: A. C. Stevens, General Electric Company, 
For Secretary-treasurer: Prof. C. D. Fawcett, University of Penn- 
sylvania. 
CuHarLes G. THATCHER, 
Secretary 


* His paper is published in full in this issue of the JourNAL. 
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ENGINEERING AND THE NEW PHYSICS 


A few paragraphs in this article are taken from the writer’s ‘‘The Archi- 
tecture of the Universe’’ (Macmillan), and from a Commencement Address, 
‘*The New Order of Things,’’ delivered by him before the University of 
Florida. The writer wishes to acknowledge the courtesy of the parties con- 
cerned in permitting use of the material referred to. 


By W. F. G. SWANN 
Director, Bartol Research Foundation of the Franklin Institute 


In participating in a discussion upon academic versus industrial 
research I once happened to refer to academic and industrious re- 
search. I will confess that my apparent error in wording was not 
without a malicious intent to bring forth the hearty guffaws of 
those who, concerned with the practical affairs of life, regard the 
worker in pure science as a sort of play boy who spends his life 
with no end in view other than that of his own amusement, and 
with a studious avoidance of entailing too much hardship, even in 
the search of this. I do not know exactly how the term ‘‘pure sci- 
ence’’ originated unless, to its lone and cloistered devotees, the 
prosperous conviviality of the engineer suggested a streak of moral 
turpitude in his learning; but, however this may be, a good many 
people think they recognize a strong distinction in purpose in the 
labors of the two types of investigators: and yet, it is a fact that 
practically all of the developments which characterize the most 
spectacular feats of modern electrical eningeering in the broadest 
sense have arisen from investigation made in the first instance with 
no utilitarian end in view. 

For the researches into the nature of the conduction of elec- 
tricity in gases, made largely in the first instance for the purpose 
of finding out more about the nature of electrons, atoms and mole- 
cules, it was necessary to improve the technique of high vacua. 
Only as a result of such improvement of technique and of the stud- 
ies made in connection with it, have we been able to realize the 
long lived metallic filmed lamps of today, the radio tube, the mod- 
ern x-ray tube used so extensively in medicine and a variety of 
devices upon which depend radio transmission, sound recording, 
the transmission of pictures by wireless, the development of burglar 
proof appliances and a dozen other things. Again it is to the re- 
searches of O. W. Richardson and others on the emission of elec- 
tricity from hot wires, researches which at the time they were made 
appeared to have no particular utilitarian value at all—it is to these 
researches, which we owe in part all of those thermionic devices 
of which the radio tube is the most outstanding—it is to them that 
we owe our kenetron rectifiers and our modern x-ray tube. 
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The researches of Maxwell appeared in his day as a group of 
investigations so abstract that hardly anyone could understand 
what they were about, let alone apply them to any practical end. 
Yet it is Maxwell’s mathematical scheme of equations which, cooked 
up, it is true, in more palatable form at times for your mental diges- 
tion, it is these equations and the principles which go with them 
which form all of the basis of engineering design in our dynamos, 
our motors, our wireless telegraphy and telephony equipment and 
all things of their kind. It was purely for the purpose of investi- 
gating x-rays and phenomena of atomic structure that the laws 
pertaining to the reflection of x-rays from crystals were first stud- 
ied ; but, no sooner had the fundamental phenomena revealed them- 
selves than an application was found in metallurgy, so that by 
analysis of the x-ray reflections and transmissions from metal we 
are able to examine crystalline structure and the potentiality for 
flaws with a degree of refinement far beyond that attainable by the 
cruder means of days gone by. The application has not stopped 
here. It has been extended to biological structures and even to 
the structure of the wood of old violins. 

The discovery of radium and of the few other substances with 
properties like it, startled the investigators of a third of a century 
ago; but most of the researches of that time were along lines having 
very little to do with any practical application of the newly found 
elements. It is true that a use for them was very soon found in 
medicine; but it seemed that one must always be hampered by the 
scarcity of the material. And now, within the last year or two, 
and chiefly as a result of the creation of apparatus for bombarding 
atoms with high energy particles, Professor E. O. Lawrence, whom 
I am proud to claim as an old student, has succeded in creating 
artificial activity in all sorts of atoms, and of pointing the way to 
the enhancement to untold degree of the possibilities inherent in the 
radioactivity of the past. We have found how to annoy the atoms, 
how to sow the seeds of revolution in them. There is a new deal 
for the atoms so they need not remain for all time as they were. 
They emit much energy in their revolution and the voice of their 
anger may be of much use to us. 

The physicist is forever inventing theories and he is forever 
changing his mind. The practical man laughs at him for this; and, 
I suppose that if the purpose of these theories was a mere abstract 
finality in which there was the satisfaction that all was finished, 
there might be reasonable grounds for claiming a refund of the 
salaries of all research professors of physies who are now more than 
thirty years old, for, in the sense of that finality their theories were 
most assuredly wrong. And yet, before we set up the mechanism 
for imposing this penalty it may be well to pause and see whether 
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what they have done may not have been of value, and if so, what 
that value is. 

In any stage of scientific progress it is the business of the theo- 
retical physicist to try to harmonize the facts at his disposal for 
the purpose of extracting from them the ultimate juice of their con- 
tent. These facts possess a certain scheme of regularity in them- 
selves; and, if that scheme of regularity is harmonized into some 
logical frame, which contains it as a part, that frame will have 
power to suggest relations between and possibilities inherent in the 
fact which might never be guessed by mere contemplation of the 
facts themselves in their entirety. The inherent regularities of the 
frame may moreover contain representatives in the shape of po- 
tential facts which have not as yet been discovered and so it may 
suggest the search for new things. It was, as a matter of fact, in 
this way that the harmonization of the discoveries of Henry and 
Faraday in Maxwell’s electromagnetic theory suggested the possi- 
bility of the propagation of electromagnetic waves with a velocity 
equal to the ratio of the electromagnetic to the electrostatic unit of 
charge. Passing over a gap in time containing many similar illus- 
trations, it was the implications of the recent theory of Dirac, a 
theory of the most abstract nature, which pointed to the likelihood 
of the existence of positive electrons and stimulated the search for 
these entities until in the experiments of Anderson, the positive 
electron finally revealed itself. Once revealed, the marvel is that 
it could have remained hidden so long; for now it crops up every- 
where in our experiments. 

The point which I wish to emphasize in speaking of these 
theories is this: what is really important is not that the theory shall 
be right in the naive sense of the word, not that it shall be final—not 
that it shall represent the ultimately real, whatever that may be, 
but that it shall form a good empirical scheme of coédrdination, fruit- 
ful in the harmonization of the facts we know and fruitful in the 
suggestion of the yet unknown. 

And now I come to the real danger in theories. When a theory 
has correlated all of the known facts and has had extracted from 
it all of its predictions of new facts, it becomes like a conventional 
old gentleman who hates to see anything other than what he has 
been accustomed to, and who is able to exert great influence in 
virtue of the respect in which he is held through his good deeds of 
the past. The old theory having exhausted all of its potentialities 
in saying ‘‘thou shalt do this and that’’ now starts to adopt a 
negative attitude in saying ‘‘thou shalt not do so and so.’’ It 
becomes as declamatic in saying that certain things are impossible, 
as before it was declamatic in holding that other things must oceur. 
It is for this reason that in the autumn of the life of some far 
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reaching theory of physical phenomena, science seems to have come 
to an end. The phenomena divide themselves into two categories: 
first, those which are known or are such obvious consequences of 
the known facts, or of the theory correlating them, that it does not 
seem worthwhile to investigate them further; and, secondly, those 
which look as though they are probably embraced by the theory but 
in a form beset with such complications of calculation as would 
render the dissection of their whole story beyond the power of man. 
As a result of this, there seems nothing more to do, research seems 
to have come to an end and science to be dead. 

Then some irrepressible individual discovers a phenomenon 
which goes violently contrary to the theory. After due castigation 
by the old gentleman, in the form of the devotees of the theory, 
the results of the young upstart are confirmed by others and have 
to be accepted. The theory must then be remolded or possibly 
completely rebuilt so as to include the new facts. In this rebuilt 
theory, much that before seemed impossible is now rendered likely. 
Suggestions which would have been dismissed as impossible with 
the briefest thought in the light of the old theory, have a reasonable 
place in the realm of possibilities of the new theory. I am not a 
politician, but when allowing myself such brief glances at situations 
economic as the scientific investigator has time for, I cannot help 
but wonder what a curious state science would be in today, if all 
of the experiments, anticipated results and methods of procedure, 
were founded upon a scheme of physical laws and theories such 
as would have been propounded by a conclave of scientific men of 
the year 1776. 

It very frequently happens that the phenomena whose dis- 
covery necessitated the remolding of thought into the form of a 
new theory, are to be found in those realms in which the older 
theory spoke with great complexity, and in such a form that hardly 
anybody could be found clever enough to-dissect the language of 
its story. An example is to be found in the case of opties. All 
went well with the coarse grained phenomena in the light of the 
theories of Maxwell’s day. Reflection and refraction were satis- 
factorily accounted for, as well as double refraction and the coarse 
grained phenomena of dispersion, ete. It was when we came to the 
effect of light upon atoms, and upon things like electrons, unknown 
in Maxwell’s day, that trouble arose. The story of what the theory 
had to say became so hopelessly complicated that it was impossible 
to work it out, further than to convince ourselves very strongly to 
the effect that, if it were worked out, its predictions would be 
wrong. It is natural that a theory should harmonize in simplest 
form those facts which it was originally designed to correlate. Its 
form is guided by these facts. It is not surprising to find that it 
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becomes unwieldy and indeed wrong when extrapolated to regions 

‘too far beyond the realm of the facts which suggested it. It may 
be a comfort to many of us to voice the dictum that complexity and 
error usually go together.- 

When a new theory supersedes an older one, it must of course 
harmonize the old facts: but it will usually do this in a manner 
which is more abstract than was the case with the old theory. Its 
adaptability to the new facts is made to some extent at the expense 
of simplicity in interpreting the old. On the older theories, per- 
haps masses and such like things were primary concepts, of simple 
nature, which, through the activities of one or two generations of 
our teachers and ourselves, had become ingrained in our conscious- 
ness as very real things. The newer concepts of the newer theory 
seem less real; and yet, as the new facts grow they assume an im- 
portance which as time goes on tends to reverse the fundamental 
starting points in our thinking. At least this is the case for those 
who have occasion to work most diligently with them. And so to 
these there appears a reality in the new artificiality and an arti- 
ficiality in the old reality. The process of generalization, or of re- 
molding of a theory, is often not one in which the new forms a 
complication or extension of the old, but rather, one in which the 
old is a rather vague, somewhat incomplete, and illogical application 
of the principles of the new. 

In my student and early teaching days it was the custom, follow- 
ing the lead of Maxwell and his school, to seek an explanation of 
electrodynamie phenomena on purely dynamical basis. If we 
wanted to make somebody understand a circuit with self induction, 
capacity and resistance, we would refer to a ball vibrating in a 
viscous fluid at the end of a string. We would say, ‘‘Now the self 
induction in this circuit is like that mass on the end of the spring. 
This spring itself is like that capacity. The electrical resistance 
of the wire is analogous to the viscosity of the liquid and so forth.’’ 
By thinking of the spring and ball, which we of the older genera- 
tion felt we understood more or less, we endeavored to accommodate 
our thinking so as to understand the electrical problem. Today all 
of this appears to be changed. At an early age youngsters start 
to play with radios and to acquire quite a little knowledge con- 
cerned with the essentials of their operation. I have been in- 
formed by an eminent teacher of electrical engineering that some 
of these yonugsters seek now to understand dynamics by showing 
that it is like electrodynamics. The problem of understanding why 
a weight bobs up and down on the end of a spring is elucidated by 
saying, ‘‘Now this weight is just like that self inductance. The 
spring is like the capacity, the viscosity of the fluid is like the resist- 

, ance of the wire. Now you know that the electrical circuit will os- 
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cillate; and, in a similar kind of way the ball and spring oscillate. 
You know that if the electrical circuit is stimulated by an external 
force of frequency equal to its own, it will resonate and build up a 
big amplitude ; and, for exactly similar reasons, the ball on the end 
of the string builds up an amplitude when subjected to an external 
force which harmonizes with the system in frequency.”’ 

In the Mid-Victorian era, the aim of theoretical physics was to 
understand the universe in the same sort of way that it was felt 
we could understand phenomena working according to so-called me- 
chanical principles. The mind was satisfied with fluid motion, with 
the behavior of vortices and the like. It was satisfied with their 
transmission of waves in gases, in liquids, and in solids. It was 
even willing to strain imagination to the point of contemplating 
waves in media whose properties were entirely different from those 
of any known substance. It sought to picture the atom as a com- 
bination of springs or as a solar system or as a dynamo of some 
kind of mechanism which worked according to the general prin- 
ciples governing such things. Contentment was only possible in a 
scheme of laws in which everything went by cause and effect. That 
which ‘‘is to be’’ had to be mathematically determinable in terms 
of that which ‘‘is now.’’ The logical consequence of such a scheme 
of philosophy was predetermination in its most drastic form. The 
future was irrevocably bound up with the past: and, moreover, 
although it is not so generally realized, such a state of affairs in- 
sistently demand that the present is bound up with the future. It 
is always a mystery to me as to why the devotees of this line of 
thought, so happy in its provision for memory of the past, were 
not more troubled by the apparent impossibility of remembering 
the future. 

Standing in absolute contradiction to the law of causality was - 
the doctrine of free will, so essentially a part of all theological 
dogmas, and so firmly ingrained in the consciousness of even the 
wicked. The result was that we went to church on Sundays and 
believed in free will, while we spent the rest of the week endeavor- 
ing to prove that everything went according to a scheme of pre- 
determination. 

It would be a long story to try and trace all of those develop- 
ments and changes of viewpoints which have taken us from the 
line of thought of Mid-Victorian physics to the conventional con- 
cepts of today. It will suffice to say that we are gradually being 
led away from the hope that all of the phenomena of nature may 
be correlated in a picture which visions continuous interactions 
between the various parts of all the things we study, and in which 
the whole universe is bound up in a system of laws which control 
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it in unique fashion, a fashion whose complexity does not rob it of 
a presumed absolute definiteness of expression. 

Today we have, as it were, two mathematical universes—a kind 
of ghostly universe which is controlled more or less according to 
the scheme of our old lines of thought—a universe whose inhabi- 
tants make no direct appeal to our senses or to our consciousness, 
but which act as sorts of guardian angels for the things which we 
see, and for the phenomena which we observe. The actors in the 
realm of this ghostly universe give, as it were, advice with different 
degrees of emphasis and conviction. The real things of our ex- 
perience may or may not take this advice, but are influenced in 
their actions by it, so that the more emphatic the advice the more 
likely they are to take it. 

In seeking the story of the atom, no longer do we look to a 
mechanical model as our ideal in the way of an explanation. The 
characteristics of individuals would give, I think, a better ana- 
logue than those of machines. 

In ancient times, when unaccountable things happened, people 
attributed them to the gods. If thunderbolts fell, the gods were 
angry. If all was fair, the gods were pleased. Of course it was 
necessary to come beforehand to some agreement as to the disposi- 
tions of the gods. Now in the modern theory of atomic structure, 
we may liken the atom to the gods. We have come to realize that 
the atom can exist in a number of different states of energy. We 
may liken these states to different states of the gods: the gods in 
peace, the gods at war, the gods hunting, and so forth. Now the 
mathematician has found out how to calculate, for the atom, a 
quantity analogous to what we may call the degree of amiability 
of disposition of the gods in these various states. 

In any one of the states of the atom there is a quantity which 
" we may call the degree of anger of the atom, and determined by 
the external conditions to which the atom is subjected. The atom 
has the characteristic of being angry in a lot of different ways at 
once. It is as though the gods had righteous anger, malicious 
anger, warlike anger, and so on. When the atom is angry it may 
do one of the various acts which it is capable of doing. It may 
emit a splash of energy associated with one kind of light, or a 
splash associated with an x-ray, or it may hurl out an electron. 
If, in general, the atom is angry in a lot of different ways at once, 
then the chance that it may do the various acts associated with the 
various kinds of anger is to be regarded as proportional to the in- 
tensity of the appropriate kind of anger. It will be observed that 
there is no certainty that the atom will do any one particular thing. 
There is merely a chance, a chance which is proportional to the 
‘ kind of anger associated with the event. The atom is like a cat. 
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You may torment it and it may do nothing, but the chance of get- 
ting scratched is proportional to the annoyance of the cat. There 
is no attempt to make a story of just how the atom operates when 
it ‘‘strikes.’’ Indeed, the physicist has come to see that there is 
very much less content to that question than might be supposed. 

‘*But,’’ you may say, ‘‘is this not a terribly complicated way of 
talking about atomic phenomena?’’ No, it is ultimately more 
simple. In other words, we can get a better correlation between 
the various actions of the atom by referring them to laws about 
what we may call the ‘‘temperament”’ of the atom than by seeking 
an explanation in terms of springs and weights. After all, that is 
not surprising. Who would attempt to decide what an operatic 
prima donna, or, for that matter, any woman, would do under given 
circumstances, by an appeal to the laws of springs, weights, ma- 
chinery? The fundamental thing is that she is angry, for in- 
stance. That is the starting point, and there is.no going back of 
that fact. Everything is accounted for in terms of the anger, but 
there may be no accounting for the anger. 

At this stage I am reminded that the title of this talk is ‘‘The 
New Physics and Engineering’’; and I presume that I am supposed 
to justify the existence of my colleagues and myself by providing 
some utilitarian reason for our existence. Before attempting this, 
you will perhaps pardon me for meditating for a moment on the 
question of what it is that is useful. 

I have sometimes pictured a supposed conversation between 
an apostle of utilitarianism and one whom we will call an artist of 
the art-for-arts sake type. 

‘‘Of what use are those pictures in the Vatican?’’ asks the utili- 
tarianist. ‘‘They do nobody any good and only wasted the time of 
Michaelanglo who painted them.”’ 

‘* And what kind of creative work would you regard as of use?’’ 
asks the artist. 

‘*An example is the development of the steam engine and the 
automobile,’’ says the utilitarianist. 

‘*But why are these of use?’’ says the artist. 

‘*Because they enable one to move about faster and get more 
done,’’ says the utilitarianist. 

‘‘But why move about faster and get more done?’’ says the 
artist. 

‘Because by doing so you create wealth for yourself and others; 
you save time and are enabled to enjoy more leisure,’’ is the re- 
joinder. 

‘*And what is the use of money and leisure?’’ asks the artist. 
“Is it not rather boresome to have nothing to do?’’ 
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‘‘Oh, it is not necessary to do nothing,’’ is the reply. ‘‘You 
ean travel and enlarge your mind.’’ 

‘‘But,’’ says the artist, ‘‘what is the good of traveling? You 
only get seasick and very tired.’’ 

‘‘Oh!”’ replies the utilitarianist, ‘‘it is a wonderful experience 
to travel. You can go to the old world and visit all those places 
of classic renown: Paris, Venice, London.’’ 

‘‘But,’’ says the artist, ‘‘is that not very disturbing? I hear 
that many of these places are unsanitary. The food is not what 
you are accustomed to and sometimes the people are not over- 
friendly.’’ 

‘“Those are but small matters,’’ says the utilitarianist. ‘‘They 
are far outweighed by all of the other riches you fall heir to. You 
ean bask in the exhilirating sun of the Alps. You can drink in 
the beauties of the Mediterranean. You can visit ancient Rome: 
and when you are there, do not fail to see those marvelous pictures 
painted by Michaelangelo in the Vatican.’’ 

And so I have wondered if we should be far from the truth if 
we should maintain the thesis that the only ultimate excuse for the 
existence of the things utilitarian is that they provide the means 
whereby we may enjoy the things non-utilitarian. 

But I think I still hear you clamoring for a reason for the new 
physies in the utilitarian sense and here I must remind you that 
the situation is somewhat different from anything we have en- 
countered before. The older new physics, if I may so call it— 
the physies of J. J. Thomson—the physics of the discovery of the 
electron and x-rays and of the photoelectric effect grew gradually, 
and the utilitarian developments formed an accompaniment to the 
growth. Its growth was considerably retarded by the intellectual 
pains and reluctances to part from the thinking of bygone times. 
Gradually, however, we became reconciled to a more abstract 
point of view; and, this feeling of reconciliation, once it had gained 
a footing, grew with ever increasing rapidity until that which we 
term the really new physics, born but ten years ago and associ- 
ated with the names of Heisenberg, Schrédinger, De Broglie and 
Dirac, reached in two or three years a state of development which 
would have been inconceivable to the devotees of Mid-Victorian 
thought. Even pure physics which, of course, suggested these 
radical innovations, has not had time to digest their experimental 
consequences with any degree of completeness and, practical engi- 
neering must necessarily lag still further in the rear. However, 
the new physics has even to date thrown a new light upon many 
phenomena of very practical significance. 

Only a few years ago our thoughts centered upon a view in 
‘which at the surface of a metal there was a potential barrier which 
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prevented the escape of electrons, unless the energy of those elec- 
trons exceeded a certain limiting value. According to the views 
of the day, that limiting value was such that we had much diffi- 
culty in understanding many phenomena concerned with the photo- 
electric effect. Electrons which should have been incapable of 
ejection by light from the metal were somehow or other hurled 
out. The wave mechanical picture presents us with a situation 
in which there is no sharp line of demarcation in energy and such 
that electrons with less than that energy are quite unable to es- 
cape. An electron of any energy has a chance to escape; but the 
chance of such escape increases with increase of the magnitude 
of the energy, and decreases with decrease of it, in such a way 
that very few of those electrons which on the old view of things 
could not escape at all, can in actuality escape on the new theory. 
In view of the large number of candidates which, in the case of 
electrons in a metal, present their plea to escape, this very small 
proportion of them whose history is modified by the newer theory 
represent in actuality an important contribution. 

On the older theories it was very difficult to see how with any 
reasonable external electric field it would be possible to tear elec- 
trons out of a metal in a vacuum. Velocities of thermal agitation 
of electrons seem far too small to permit of any escape. The newer 
theories which permit all energies to escape and which concen- 
trate their control on the matter by statistics, provide us with a - 
way out of the difficulty, and enable us to understand those prin- 
ciples which lie at the basis of the escape of electricity from charged 
bodies in vacua and which therefore have bearing upon the design 
of apparatus for high voltages in vacuum and upon the problem 
of the cold cathode x-ray tube. 

While the practical engineer does not immediately concern him- 
self with the theories of the conduction of electricity in metals, it 
was occasionally necessary for him to delve into these matters for 
a proper understanding of the factors which control the magni- 
tudes realizable. To the physicist the matter was one of profound 
interest, but it presented problems of outstanding inconsistency. 
In the light of the modern wave mechanical theory, the difficulties 
inherent in these problems have largely evaporated and we have 
a consistent story in terms of which to correlate and so understand 
the vital things which happen. 

Within recent years physics has devoted much thought to the 
relation between mass and energy, originally suggested by the 
theory of relativity. It is now an experimentally -verified fact 
that mass as such can disappear with the appearance of energy in 
its place. The annihilation of a single drop of water would pro- 
vide enough energy to supply 200 horse power for a year. Sci- 
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ence has looked for many years with greedy eyes upon the energy 
latent in the structure of atoms. The age old problem of the al- 
chemist, of the conversion of lead into gold, for the value of 
the gold, receives a new aspect today in the realization that if 
this were done the energy liberated would be of far more value 
than the gold itself. Such transformations, once thought impos- 
sible, aré now believed actually to occur in the stars and to be the 
source of that enormous heat radiation which they pour forth con- 
tinually to space. ‘Within the last few years, the transmutation 
of the elements in the laboratory has become an actuality, and, 
every day the potentialities of the field increase. There is a new 
experimental physics as well as a new theoretical physics; but 
the two go hand in hand, the understanding of one enhances the 
understanding of the other. If ever the transmutation in large 
amounts of matter becomes a realized fact, the fact will be one of 
outstanding importance to the engineer, and we may be sure that 
in that day the engineers will be using the new mathematical phys- 
ies for the calculation of their yields and of the various possibilities, 
with the same necessity that today they use the laws of Faraday 
and Maxwell in the design of their dynamos and the laws of ther- 
modynamics in their steam engines. 

In the acceptance of such radical departures in philosophy as 
. are contemplated in the new physics, there is always in the back- 
ground a depressing spirit whose groans mitigate against the happi- 
ness of progress. The spector’s name is ‘‘common sense.’’ He is 
usually regarded as a most respectable being. He manages to 
preserve a high reputation for profundity by a dignified avoid- 
ance of saying exactly who or what he is. Now, I will not deny 
that ‘‘common sense’’ has its merits. In his proper domain, he 
is a counselor of priceless value ; and it is because he justly inspires 
such confidence in that domain that he becomes the most danger- 
ous of deceivers of those who seek his guidance outside of it. For 
‘‘eommon sense’’ seeks to pin all thoughts of the new to the fabric 
of the old, and so, ofttimes, he distorts the meaning of the new by 
destroying that form which was inherent in its own right, and for 
no purpose other than to fit it to a pattern with which it has no 
harmony. The result is a bizarre and shapeless thing out of har- 
mony with the form into which it has been forced, and out of har- 
mony with the form which was its own. Common sense in natural 
philosophy repatterns itself from age to age. At each stage of its 
development it seeks to generalize the ideas born of the experience 
of the immediate past and to weld them into bonds which some- 
times restrain the future. Thus, the breeders of error in the epoch 
- to come are sometimes the truths of the days which have gone. 
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It was the common sense of the ancients which made them see 
the sun as carried around the earth by angels. It was the com- 
mon sense of the Egyptians which made them see the Universe as 
a box with a river running around the outer edge, the river carry- 
ing a boat and the boat carrying the sun. It was common sense 
which, in the time of Keppler, saw the sun endowed with spokes 
to which were attached the planets and which, through the rota- 
tion of the sun, drove the planets around in their orbits. It was 
the common sense of the astronomers in the time of Galileo which 
made the discovery of the satellites of Jupiter seem nonsense and 
his discovery of the laws of falling bodies contrary to reason. 

And so common sense today groans at the modern atom. And 
yet in what a curious light it places itself by so groaning. For to 
explain the actions of matter in bulk, we have been driven to 
thoughts of atoms and molecules. Then we have felt the neces- 
sity to go further and formulate a set of laws for these atoms which 
would account for the behavior expected of them. By a strange 
kink in the psychology of mankind, common sense has held us to 
the hope that those laws would partake of the same nature as those 
for matter in bulk. It is as though, having studied cities, and 
having come to the discovery that they were composed of build- 
ings, which in turn were composed of bricks, we had then begun 
to meditate upon the bricks, and had sought to see some way in 
which they could be regarded as houses put together in some kind 
of way suitable for the explanation of their tenacity and strength. 
Common sense is a good servant but a bad master. So beware how 
you glory too much ‘‘in good old horse sense’’ for, in the last 
analysis ‘‘horse sense’’ is, in all verity, the kind of sense that a 
horse has. 


The first meeting of the Minnesota Section for the academic 
year of 1935-36 was held January 20, 1936. 

The subject for discussion was ‘‘The General Problem of Em- 
ployment of Technical Graduates Since 1930.’’ Professor A. S. 
Levens, who is in charge of the Employment Service of the College 
of Engineering and Architecture, told of the work of placement of 
alumni and also outlined the plan of the personal record sheets now 
used by the graduating seniors. 

Professors J. D. Akerman, Department of Aeronautical Engi- 
neering; H. B. Roe, Department of Agricultural Engineering; F. 
M. Mann, School of Architecture; C. A. Mann, School of Chemis- 
try; W. T. Ryan, Department of Electrical Engineering ; J. R. Du- 
Priest, Department of Mechanical Engineering; and E. H. Com- 
stock, School of Mines, presented data showing the number of men 
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graduated and placed since 1930. Each indicated the trend of 
employment in his own field. 


C. L. BARKER, 
Secretary 


The fall meeting of the New England Section of the Society 
was held at Worcester Polytechnic Institute, Saturday, October 19. 
A meeting of the New England Drawing Teachers was held at the 
Institute at the same time, and the members were invited to attend 
the afternoon and evening meetings of the S. P. E. E. The total 
registration was 312 members and guests. 

From 10:00 a.m. until 12:00 noon four professional conferences 
were conducted by the S. P. E. E. and a fifth conference on Me- 
chanical Drawing was conducted by the New England Drawing 
Teaches Association. 


A. Educational Aims and Techniques of Engineering Teaching 
Chairman: Professor Gordon M. Fair, Harvard University. 
Reporter: Professor W. S. Evans, University of Maine. 
Attendance : 65. 
1. Knowledge Versus Power in Professional Education, 
Prof. Elliott Dunlap Smith, Yale University. 
2. Aims and Techniques in Engineering Teaching, Prof. 
Alexander Magoun, M. I. T. 


B. Electrical Engineering 
Chairman: Professor Leon W. Hitchcock, University of N. H. 


Reporter: Prof. F. G. Willson, Wentworth Institute. 
Attendance: 70. 

1. A Revised Course in Principles of Electrical Engineering, 
Prof. Edward Ll. Bowles, M. I. T. 

2. Preliminary Reports in Electrical Engineering Labora- 
tory Work, Prof. W. Lincoln Smith, Northeastern 
University. 

3. The Teaching of Electrical Engineering Through Super- 
vised Computation Sections, Prof. Walter J. Creamer, 
University of Maine. 

4. Some Desirable Characteristics in Which Electrical Engi- 
neering Graduates are Often Found Deficient, Mr. 
Ovid W. Eshbach, A. T. and T. Company. 


C. Fluid Mechanics 
Chairman: Professor Kenneth G. Merriam, W. P. I. 
Reporter: Professor Walter D. Emerson, Norwich University. 


Attendance: 45. 
Present Trends in Instruction in Fluid Mechanics and Hy- 
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draulies: Classroom Aspect, Dr. Jacob P. Den Hartog, 
Harvard University; Laboratory Aspect: Mr. Leslie 
J. Hooper, W. P. I. 


D. Mathematics 
Chairman: Dr. Albert A. Bennett, Brown University. 
Reporter: Prof. W. R. Ransom, Tufts College. 
Attendance: 20. 
Tutorial Experiments in the Teaching of Mathematics, Dr. 
Samuel D. Zeldin, M. I. T. Discussion Leader, Mr. 
George E. Reves, Brown University. 


Mechanical Drawing. (Joint Meeting with New England 
Drawing Teachers Association) 
Chairman: Mr. Albert L. Coyne, Rindge Technical School. 
Reporter: Mr. Carl L. Swan, Newton High School. 
Attendance: 80. 
1. Three-in-One Drawings, Mr. Chester Thorndike, Spring- 
field Technical High School. 
2. Substitutes for Drafting Work, Professor Arthur E. Nor- 
ton, Harvard University. 
3. Experiences in Teacher Training, Mr. Alvin Sloane, 


From 12:30 to 2:30 p.m. the conference was held at the Alden 
Hydraulics Laboratory located at Chaffins. After a lunch, served 
by the Institute, Professor Harry P. Hammond of Brooklyn Poly- 
technic Institute and a member of the Examining Committee of the 
E. C. P. D. made a report on the progress of the Engineers’ Coun- 
cil for Professional Development in general and told of the plans of 
the Examining Committee. After a short inspection of the labora- 
tories the meeting convened again at the Institute for the general 
afternoon session. 

The meeting was called to order by the Chairman, Dean Carl S. 
Ell of Northeastern University at 3:00 p.m. in the Lecture Hall of 
the Electrical Engineering Building. The minutes of the previous 
fall meeting at Rhode Island State College were read and approved. 
Chairman Ell appointed the following committees: 


Nominations Committee: 
Professor E. W. Bowler, University of New Hampshire, 
Professor R. E. Brown, Rhode Island State College. 


Committee on Resolutions: 
Dean E. F. Eckhard, University of Vermont, 
Dean G. P. Bacon, Tufts College. 
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The chairman then introduced Dr. Ralph Earle, President, W. 
P. I., who gave a very cordial address of welcome. 

Dr. John F. Tinsley, the Chairman of the Committee on Com- 
munity Development of the New England Council then read a very 
interesting and constructive paper entitled ‘‘How Can Engineering 
Edueation Best Aid New England Industry?’’ A short dsicussion 
followed. 

Dr. Frederick M. Feiker, Executive Secretary of the American 
Engineering Council, presented a most interesting paper on ‘‘ Pub- 
lie Opportunities and Responsibilities of the Engineer-Trained 
Citizen.’’ A short discussion followed, but was limited by the time 
allotted to the afternoon session. 

From 4:30 to 6:00 p.m. the laboratories of the Institute were 
open for inspection. Also at this time President and Mrs. Earle 
served tea at their home to the members and guests attending the 
conference. 

The annual dinner was held at 6:30 p.m. Following the dinner 
the evening session was opened by Chairman Ell. The Committee 
on Resolutions presented the following report: 


Resolution 


The members of the N. E. Section of the S. P. E. E., at their annual 
meeting, held in Worcester, Mass., on October 19, 1935, wish to express 
to the W. P. I. their sincere appreciation for the splendid hospitality ex- 
tended to them on this occasion. 

We desire especially to thank President Earle for the hearty weleome 
extended to us, Professor Morgan and his staff for the careful plans and 
arrangements made for our entertainment and comfort, and Chairman Ell 
and the Executive Committee for providing an unusually interesting and 
profitable program for the day. 

The ladies of our party have been graciously entertained by their 
hostesses. It was a delightful privilege to meet Dr. and Mrs. Earle in 
their home. The papers and discussions have been helpful and stimu- 
lating to all the members present and will serve throughout the year as an 


inspiration to more effective teaching in our N. E. Engineering Colleges. 
Gro. F. EckHarp, 


GrorGE P. Bacon, 
Committee. 


The Committee on Nominations presented their report, and 
Dean Carl 8. Ell of Northeastern University was elected Chairman, 
and Professor Carlton E. Tucker of M. I. T. was elected Secretary 


’ for the ensuing year. 


Ss 


or 
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Chairman Ell then introduced Professor Charles M. Allen of W. 
P. I., who gave a very interesting address and demonstration on 
‘The Use and Abuse of Gasoline.’’ There were no casualties. 
F. W. GarRAn, 
Secretary. 


The fourth annual meeting of the Pacific Southwest Section 
was held at Stanford University on Friday and Saturday, Decem- 
ber 27 and 28, 1935, under the direction of Professor Arthur B. 
Domonoske, of Stanford, Chairman of the Section. The sessions 
covered only two days, instead of the customary three, owing to 
Christmas day and New Year’s day coming in the middle of the 
week. Dean Theodore J. Hoover, of Stanford University, welcomed 
the members of the Section on behalf of the University. 

The main themes of the papers presented were the question of 
the proper length of engineering curricula and the advantages and 
disadvantages of final examinations. Papers on these subjects were 
presented by Dean Biegler of the University of Southern Cali- 
fornia, Dean Butler of the University of Arizona, Dean Sibley of 
the University of Nevada, Professors Hillebrand and Boelter of the 
University of California and Mr. Pheley of the Los Angeles Junior 
College. Dean Butler also gave an interesting report of the work 
on the accrediting of engineering curricula which is being done by 
the Society’s Committee on Engineering Schools, of which he is a 
member. 

Professors Emeritus Chas. D. Marx and L. M. Hoskins, of Stan- 
ford University, charter members of the Society, were invited as 
guests of honor to the banquet, held at the Stanford Union on Fri- 
day evening. Professor Marx was unfortunately prevented, by 
illness, from being present. Professor Emeritus Charles B. Wing, 
of Stanford University, and Mrs. Wing were also guests at the 
banquet. The speaker of the evening was Professor Samuel B. 
Morris, an alumnus of Stanford and newly-appointed head of its 
Civil Engineering Department. Professor Morris had been called 
back to Stanford from the position of Chief Engineer and General 
Manager of the Pasadena Water Department, with which civic or- 
ganization he had been connected for a great many years. His in- 
teresting and enlightening talk, entitled ‘‘A Practicing Engineer 
Enters Academic Life,’’ contained valuable references to the quali- 
fications expected of engineering graduates by engineers in the 
profession. 

The business meeting on Saturday morning was followed by an 
inspection trip of the Harris J. Ryan High Voltage Laboratory, 
the Guggenheim Aeronautic Laboratory, the other engineering lab- 
oratories and the Stanford University Press. 
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Upon the nomination of the Nominating Committee, consisting 
of Dean Biegler, Chairman, Dean Sibley and Mr. Robb, the follow- 
ing officers of the Section for the year 1936 were elected: 
Chairman: Professor John C. Park, University of Arizona. 
Vice-Chairman: Mr. John W. Hazen, Los Angeles Junior College. 
Secretary-Treasurer: Mr. Franklin O. Rose, Modesto Junior College. 


Other members of Executive Committee: 
Professor Arthur B. Domonoske, Stanford University. 
Professor Raymond E. Davis, University of California. 
Professor James C. Clark, University of Arizona. 
Professor Thomas T. Eyre, University of Southern California. 


The visiting members and ladies were housed in Lagunita Hall, 
the newly-completed residence hall for women, which is rightfully 
said to be one of the finest in the country. 

The entertainment for the ladies consisted of an automobile ~ 
tour of the beautiful Stanford campus, including visits to the Mu- 
seum and Art Gallery, an organ recital in the Stanford Memorial 
Chapel and a tea at the residence of Professor and Mrs. Domonoske. 

The members present regretted the absence of Professor H. B. 
Langille, of the University of California, whom they regard as the 
founder of the Section. Professor Langille was somewhere in 
South America, on an extensive tour. 

The invitation of the University of Arizona for the 1936 meet- 
ing to be held in Tucson was accepted and the dates selected were 
December 28, 29 and 30. The possibility of the California: and 
Nevada members making the trip next December in chartered Pa- 


cific Greyhound busses is being considered. 
FRANKLIN O. Ross, 


Secretary-Treasurer 


The Pennsylvania State College Branch of the Society held a 
meeting Tuesday evening, October 22, 1935, at which the officers 


for 1935-1936 were elected. They are: 
President: Professor A. E. Neyhart. 


Vice-President: Professor L. W. Whitehead. 
Secretary-Treasurer: Professor A. P. Powell. 


. The Branch also formally accepted the Allegheny Section of the 
S. P. E. E. 


ALBERT P. PowELL, 
Secretary 


he 


SECTIONS AND BRANCHES 577 


The first meeting of the Purdue Branch of the S. P. E. E. was 
held in the Faculty Lounge of the Memorial Union Building, Oc- 
tober 8, 1935, at 7:30 P.M., as a joint meeting with the Engineer- 
ing Staff. The meeting was attended by one hundred and seven 
persons with Professor Serviss of the School of Chemical Engineer- 
ing presiding during the S. P. E. E. meeting and Dr. A. A. Potter, 
Dean of Engineering and Director of the Engineering Experiment 
Station, presiding over the staff meeting. 

Mrs. Lillian M. Gilbreth, non-resident Professor of Industrial 
Engineering, presented a brilliant review of all important papers 
submitted before the Sixth Management Congress in London, even 
to analyzing the national psychology behind many of the papers. 
She indicated the trends of the Management Congress and also 
Management Activities of to-day. 

The Atlanta meeting of the S. P. E. E. was discussed by repre- 
sentatives of the members who attended the various divisions: Pro- 
fessor D. D. Ewing, Professor A. P. Poorman, and Professor G. H. 
Shepard. Professor C. F. Harding reported on his trip to Mexico 
City as delegate of the Rotary Club. 

Professor G. P. Springer, of the School of Civil Engineering, 
and Mr. J. H. Porsch, of the Practical Mechanics Department, were 
elected President and Secretary respectively of the Purdue Branch 
for the year 1935-1936. - 

D. S. CuarK, 
Secretary 


The Southeastern Section of the Society is planning a meeting 
at the University of Alabama on April 7 and 8. 
F.oyp FYE.p, 
Secretary 
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University of Alabama.—There have been three new appoint- 
ments made to the faculty of the College of Engineering at the 
beginning of the second semester : 

W. H. Taylor, formerly of the University of Buffalo, has been 
appointed Head of the Department of Drawing and Surveying. 
Dr. Taylor, after graduating from McGill University and the Uni- 
versity of Michigan, taught at the University of Buffalo. He was 
formerly associated with the Columbus McKinnon Chain Company 
and the E. I. DuPont Company. 

Professor R. B. Kolb has been appointed Head of the Depart- 
ment of Aeronautical Engineering. Professor Kolb, a graduate 
of Rensselaer Polytechnic Institute and Cornell University, has 
been associated with several universities, including Rensselaer Poly- 
technic Institute, Lehigh University, and Washington University. 
He has recently been on the faculty of North Carolina State Col- 
lege and in charge of the aeronautical engineering work at this 
institution. Professor Kolb will have charge of the hydraulic and 
steam laboratories at the University as well as the aeronautical 
department. 

‘Professor W. J. Miller, at present Head of the Department of 
Electrical Engineering at the University of North Carolina, will 
become Head of the Department of Electrical Engineering at the 
University of Alabama in September 1936. Professor Miller is a 
graduate of the University of Texas, and the Massachusetts In- 
stitute of Technology, and has taught at both of these institutions. 
He has also been Head of the Department of Electrical Engineering 
at Oklahoma A. & M. College, and Director of the Engineering 
Experiment Station at the University of Arkansas. 


Mr. W: B. McClelland, assistant to the president, at the Case 
School of Applied Science, announces all but 62 men out of the 
3,565 who have graduated from Case since 1891, now employed. 
This is a 98.82 per cent employment, a record held by no other 
college in the United States as far as the administration knows. 

The study recently completed shows the following distribution 
of unemployed graduates: 

Classes 1891-1900 ..... 4 out of 231 graduates. 


18 out of 594 graduates. 
11 out of 120 graduates. 
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The mining department of the Colorado School of Mines, 
Golden, released in October a twenty-four page publication de- 
scribing experimental work and undergraduate laboratory courses 
eonducted at the School Mines at Idaho Springs, Colorado. 

Prof. J. Burns Read, who heads the Mining Department, states 
that it is his opinion the mining industry could well afford to de- 
vote more time to research relating to operations underground. 
The purpose of the School Mines is to provide an underground 
laboratory for this research as well as a suitable place for conduct- 
ing undergraduate courses in mining methods and practice. 

The booklet describing the Colorado School of Mines experi- 
mental mine is well illustrated with maps, and pictures taken in 
the mine. 

Prof. Francis M. VanTuy] in collaboration with T. S. Lovering 
of the United States Geological Survey has written an interesting 
work, published in the September number of the Bulletin of Geo- 
logical Society of America. Professor VanTuyl, head of the De- 
partment of Geology at the Colorado School of Mines, describes the 
physiographic development of the Front rafige of the Rocky Moun- 
tains. The various uplifts in past geologic time have been pointed 
out. 


Harvard University.—During the second term of the present 
academic year, beginning February 5, 1936, Dr. Karl von Terzaghi, 
Professor at the Technische Hochschule in Vienna, Austria, will 
present a special lecture course on recent developments in soil 
mechanics and its application to a great variety of problems in earth 
and foundation engineering. These lectures will be given each 
Monday, Wednesday and Friday from 4 to 5 p.m., with a discus- 
sion period following each lecture. 

Professor Terzaghi, the founder of modern soil mechanics, is © 
internationally recognized as the outstanding authority in this field. 
This course, therefore, represents an exceptional opportunity to the 
regular students and especially to former students of soil mechanics 
and to practicing engineers in general to familiarize themselves 
with the latest developments in soil mechanics. For this reason 
Dean H. E. Clifford of the Graduate School of Engineering has 
made arrangements which permit attendance at this course without 
payment of tuition fees, provided the course is not elected for credit. 
In the latter case the regular tuition fees will be paid. 

On the request of several of those special students who plan to 
attend only in the second semester, the 'aboratory course, ‘‘Soil 
Testing Methods for Engineering Purposes,’’ regularly offered dur- 
ing the first term, will be repeated in the second term. The en- 
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rollment in this course is limited and will be filled in order of appli- 
cation. In addition, the regular courses in ‘‘Soil Mechanics’’ and 
in ‘‘Foundation, Harbor and Tunnel Engineering’’ will be pre- 
sented. These courses are open only to students who register and 
pay the regular tuition fees. The Catalogue, containing further 
information, will be sent on request. 

Attention is also called to the International Conference on Soil 
Mechanics and Foundation Engineering which will meet in Cam- 
bridge, Mass., from June 22 to 26, 1936. A bulletin containing de- 
tailed information on this Conference, its purpose, conditions for 
the contribution of papers, ete., will be mailed on request. The 
proceedings of this Conference will also be forwarded to absentee 
members who file the required application form prior to the meet- 


ings. 


Lafayette College at Easton, Pennsylvania, will celebrate on 
March 20 its 70th Anniversary of Engineering. Prominent engi- 
neers from many fields of the profession are invited, and speakers 
of national importance will appear on various programs of the 
celebration. 

Engineering was offered for the first time during the 1865-66 
college term, when the Pardee Scientific department was estab- 
lished following the receipt of a $100,000 endowment, the gift of 
Ario Pardee of Hazleton, Pa. This embraced the Pardee Scientific 
Course, which granted the degrees of Bachelor of Science, with the 
option of engineering, chemistry and mining. ‘‘Engineering’’ at 
that time implied the civil engineering course. By the spring of 
1871 this system was altered, and the degree of Mining Engineer 
and Civil Engineer were awarded at that commencement. 

According to the old records the first men to receive the engi- 
neering degrees were William S. Kent and Joseph E. Watkins, the 
degree of Civil Engineer; and Alexander Bryden, Norris Hunter 
Cone and William MeMurtrie, the degrees of Mining Engineer. All 
were members of the class of 1871. The first two engineering pro- 
fessors were Dr. Henry S. Osborn, who occupied the Chair of Min- 
ing and Metallurgy in 1866, and Professor Henry F. Walling, who 
became occupant of the Chair of Civil Engineering in 1867. Both 
were well known in educational and professional circles. 

It is interesting to note that while the course in engineering was 
not established until 1866, that the founders of Lafayette had in 
mind such a department when in their charter, originally framed 
in 1824 and granted in 1826, specifically mentions that courses in 
‘*Civil and Military Engineering,’’ should be taught in the pro- 
. posed college. 
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Electrical engineering came into the Lafayette curriculum in 
1889 when Professor James W. Moore, of the Physics Department, 
and Professor Justus Silliman, of the Department of Mining Engi- 
neering, agreed to offer a course in this subject without cost to the 
college. 

The Mechanical Engineering Department was established in 
1910. The plans for the department were made possible by a gift 
from Andrew Carnegie of a $100,000 endowment. The present 
mechanical laboratory and shop was completed in 1912. Professor 
Edwin O. Fitch was the first head of the department. During the 
World War, when Lafayette became an active military center, 
soldiers received valuable training in this new building. 

Chemical Engineering, the newest of the existing departments, 
was established in 1915 with the late Dr. Edward I. Hart as its 
head. This distinguished international figure in the world of chem- 
istry had long been associated with the college as Professor of 
Chemistry, and director of the Gayley Laboratory. 

Since 1871 the degrees of C.E. (Civil Engineering), E.M. 
(Mining Engineer), ete., were given students completing the four- 
year course in the various technical departments. However, in 
1915 the trustees abandoned this practice, believing that the engi- 
neer degrees should be awarded for graduate work alone; and sub- 
stituted the present system of granting undergraduate degrees of 
Bachelor of Science in the various branches of engineering. 

To-day in each of the engineering courses there are both tech- 
nical B.S. and administrative B.S. degrees. This surplanted the 
old system, in practice for twelve years (1922-1934) of granting a 
B.S. degree in Administrative Engineering. 

Several of Lafayette’s largest buildings to-day house the various 
engineering departments. Pardee Hall contains offices and class- 
rooms of civil, mechanical, and electrical engineering departments, 
and also libraries and testing laboratories. The mechanical build- 
ing contains electrical laboratories, foundries, machine shops, etc., 
for the above departments. 

One of the newest buildings on the Lafayette campus is the 
Markle Hall of Mining Engineering, the gift of John Markle, ’80, 
of the famous family of Lafayette benefactors. This houses the 
Mining Engineering Department, reendowed in 1920 by Mr. Markle 
with Professor William B. Plank in the Chair. It also contains 
laboratories, museums, libraries, and one of the finest collections 
of equipment for mining and geological education in America. 
Incidentally, this department is the second oldest mining course in 
the nation, second only to Columbia University School of Mines, 


established in 1864. 
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To-day Lafayette numbers among her alumni such figures as the 
following in civil engineering: Robins Fleming, 1877, D.Eng. 1934 
Lafayette, engineer for many years with the American Bridge Co. ; 
Carroll P. Bassett, 1883, Ph.D. Lafayette, and a trustee of the col- 
lege; Charles S. Krick, 1887, D.Eng. 1923, General Manager and 
Vice-President, Eastern Region, Pennsylvania Railroad; William 
D. Tyler, 1888, Vice-President, Clinchfield Coal Corp., Dante, Rus- 
sell Co., Virginia; Almon H. Fuller, 1897, Professor of Civil Engi- 
neering, and Head of Department, Iowa State College; Frederick 
E. Ayer, 1900, Dean of Engineering, University of Akron; Van 
Tuyl Boughton, 1911, Managing Editor, Engineering News-Record, 
New York, N. Y.; Harry E. Trout, 1903, Vice-President and Gen- 
eral Superintendent, Conemaugh & Black Lick Railroad Co., Johns- 
town, Penna. 

Among the many prominent living mining engineers are: George 
E. McElroy, 1912, nationally known expert in mine ventilation; 
George S. McCaa, 1910, President, the Coal Mining Institute of 
America, and a Pennsylvania state mine inspector; and William D. 
Ord, 1887, developer of the Pocohontas coal operations in West Vir- 
ginia, a national authority on mining engineering, and a trustee of 
Lafayette College. 

The electrical engineering alumni include Frank M. Potter, 
1896, General Cables Corporation; James P. Alexander, 1907, 
Westinghouse Electric Corporation ; William E. Lloyd, 1913, Penn- 
sylvania Power & Light Co.; and Douglas J. Connell, Scranton 
Electric Co. 

In the field of mechanical engineering these prominent figures 
appear: Gilbert L. Dannehower, 1914, President, Carpenter Ma- 
chinery Co., Philadelphia, Pa.; J. W. Foresman, 1913, Vice-Presi- 
dent, J. H. McCormack Co., Williamsport, Pa.; William A. Skinner, 
1927, sales engineer, Babcock & Wilcox Co., Chicago, Ill.; Norman 
P. Hutson, 1926, Market Analyst, New York City; Martin Evoy, 
1926, Industrial Engineer, Philadelphia Wool Scouring & Carboniz- 
ing Co., Philadelphia, Pa.; J. H. Gichner, 1924, Vice-President, 
Ornamental Iron Works Co., Washington, D. C. 


Massachusetts Institute of Technology.— With enlargement of 
the Cape Cod Canal in progress, research engineers of Technology 
are making an advance study of the tidal currents that may be ex- 
pected when this important coastal waterway is finished. The in- 
vestigation, which involves complex research methods and precise 
measurements, is being carried on in a huge scale model of the canal 
and its approaches, Cape Cod and Buzzards Bay, with unique fa- 
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cilities for duplicating in miniature the tidal conditions encoun- 
tered in the present canal. 

The model provides for studies of the canal in its present form 
and as it will appear when widened to 700 feet on the surface and 
dredged to a depth of 40 feet, providing a waterway capable of ac- 
commodating most of the large liners and naval vessels. The model 
is 115 feet long and occupies an entire building. 

The project is under the direction of Professor Kenneth C. Rey- 
nolds of the Department of Civil and Sanitary Engineering, who 
is codperating with Colonel John J. Kingman of the United States 
Army Engineering Corps in a study of the hydraulic problems that 
will be encountered in enlarging the canal. 

A unique type of shaking table which for the first time makes 
it possible to duplicate in the laboratory the motions of destruc- 
tive earthquakes directly from seismograph records, has also been 
built in the department of civil engineering. The new machine will 
be used to study the destructive effects of earthquakes on buildings 
and other structures by means of scale models. 

While the seismologist is interested in recording earthquake mo- 
tions to gain new knowledge of the interior of the earth, the engi- 
neer’s primary interest is from the surface of the earth upward. 
His problem is not only to faithfully duplicate the motions of 
earthquakes in the laboratory, but to study their effects on models 
and design structures to resist them. 

The new earthquake machine was designed by Arthur C. Ruge, 
Research Associate in Seismology, in consultation with Dr. Vanne- 
var Bush, Vice-President and Dean of Engineering. Though com- 
plex in its details, the general principles of the machine are rela- 
tively simple and its control is scarcely more difficult than the 
operation of a radio receiving set. 

A ‘‘shadowgraphy,’’ which is really an optical cam, is made 
from an actual seismogram by cutting the record out along the 
wavy line which represents the wave-motion of the quake. The 
shadowgraph is then passed before the electric ‘‘eye’’ of the ma- 
chine. An electric analyzing device, coupled to the ‘‘eye,’’ per- 
forms the function of a brain and controls the machine in such a 
way that it is forced to follow the wavy line as the shadowgraph 
moves along. Thus the motion of any recorded earthquake may be 
duplicated by placing a shadowgraph record in the machine. 


This fall marked the beginning of a new epoch at McGill Uni- 
versity when, on October 5, Arthur Eustace Morgan was installed 
as its new Principal and Vice-Chancellor. Mr. Morgan came to 
McGill from University College, Hull, England. Energetic, force- 
ful and kindly in personality, scholarly in taste, broad and quietly 
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humorous in outlook, and these qualities backed by a fine education, 
make him, at forty-nine, a leader about whom our various faculties 
and students have rallied with whole-hearted enthusiasm. 

Chancellor, Sir Edward Beatty; Principal, Mr. A. E. Morgan; 
Dean of Engineering, Professor Ernest Brown. 


The Department of Geodesy and Surveying of the University 
of Michigan reports a very successful Summer Session at their 
last camp in Wyoming. This camp is unique in so many respects. 
It is sited in well-nigh ideal country for training students in tri- 
angulation hydrography and general field work in surveying. The 
enrollment during the past Summer Session taxed the housing and 
teaching facilities which were thought to be ample for all future 
needs. Frofessor Johnston reports the probable need of additional 
cottages and additional facilities. 

He reports, likewise, the leave of absence of Professor C. O. 
Carey for the first semester of this school year to work on a Man- 
ual on Boundary Surveying under a Committee of the American 
Society of Civil Engineers. 

The department has been conducting research on the applica- 
tion of triangulation to boundary surveys and investigations of 
relative results and costs of measurements with steel tape held hori- 
zontally and along the slope of the ground. Professor Johnston 
reports, likewise, some developments of formule in least squares 
for the probable error. 

The one time Shops Department of the College of Engineering 
was renamed the Department of Metal Processing two years ago 
inasmuch as their work to-day is pretty largely that of demon- 
strating to engineering students the essential problems encountered, 
methods employed in processing and methods in the engineering 
industries. 

The Department reports the appointment of Professor O. W. 
Boston, Head of the Department, to the following Committees: 
American Standards Association Sectional Committee on Stand- 
ardization of Small Tools and Machine Tool Elements; Chairman 
of A. 8. A. Technical Committee 17 on nomenclature of all tech- 
nical committees of the above sectional committee; Chairman of 
Technical Committee 2 on Standardization of Tool holder shanks 
and toolpost openings; A. S. M. E. Special Research Committee on 
Cutting of Metals. 

Tests now under way under the supervision of Professor Boston 
include the following: Extensive tests on the influence of cutting 
fluids in turning ; extensive tests on machinability of steel in drill- 


’ ing, turning, and milling. 
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Michigan College of Mining and Technology.—The greatest 
number of curricular changes made at Houghton since the scope of 
the college was enlarged in 1927 was approved in February by the 
board of control. Outstanding among additions is the offering of 
two-year sequences both in forest production and in wood utiliza- 
tion. During the current year the college has offered a freshman 
schedule in the two subjects jointly. Beginning next fall, the 
work will not only extend throughout the student’s sophomore year 
but will be differentiated according to his major interest. This 
change entails introducing 10 zodlogy, botany and forestry courses. 
Both forest-production students and wood-utilization students will 
take the botany and forestry offerings. But forest-production 
‘‘majors’’ alone are required to take zodlogy and certain geology 
courses, while wood-utilization students must take sophomore work 
in chemistry. 

Fifteen new courses were introduced into older departments. 
All are upperclass subjects and all are elective. The most impor- 
tant further change is the placing of German among subjects re- 
quired for a bachelor’s degree in chemistry. 

Plans for the combined 50th Anniversary exercises and sixth 
quinquennial alumni reunion have made rapid headway since the 
board of control’s appointment, late in January, of committees for 
the celebration, which takes place August 5, 6, and 7. The gen- 
eral committee chairman is Dr. James Fisher of the class of 1893, 
oldest active faculty member in point of service. The general com- 
mittee secretary is N. F. Kaiser, treasurer and business manager of 
the college. Twenty-two committees were named, most of which 
are headed either by members of the present faculty or by alumni. 
Two committees, however, are in charge of former instructors: 
George Schubert, until 1927, professor of civil engineering, and A. 
E. Seaman, professor emeritus of geology and mineralogy. 


The College of Engineering at New York University will 
shortly have its facilities increased by the construction of a new 
three and one-half story building to cost about $400,000. This 
will provide badly needed additional space for the continued large 
enrollment in the College and the prosecution of special new ac- 
tivities. 

Chief among the latter is the Institute of Aeronautical Meteorol- 
ogy where Professor J. E. Woodman has during the past few months 
achieved notable records in upper air observations in codperation 
with the U. S. Weather Bureau. 

In addition new and expanded quarters will be provided for the 
hydraulic and testing materials laboratories, as well as additional 
classroom space. Particular attention has been given to a new 
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engineering library, as the present special libraries are inadequate 
to provide the necessary conveniences required for the wide variety 
of research projects being undertaken by the College of Engineer- 


ing. 

A noteworthy part of the new building will be a large, modern 
and well equipped power plant, designed to furnish power and heat 
to the University Heights campus for many years in the future. 
Few engineering institutions in the country have available on the 
campus so modern and accessible a power plant capable of use for 
instructional as well as strictly utilitarian purposes. This will 
supplement the unusually complete existing power plant developed 
by Dean Bliss for laboratory instruction and now to be returned to 
its original purposes. 

This new engineering building and power plant will form an 
important addition to the College of Engineering which already 
comprises noteworthy facilities such as the Guggenheim School of 
Aeronautics, the laboratories of sanitary engineering, and other 
specialized divisions of engineering. 

A Chance Vought Memorial Design Prize was established by 
Mrs. Annie E. Vought, mother of the late Chance Vought, one of 
the most brilliant aircraft designers, who attended engineering 
courses at New York University. 

The forces acting on an airplane when in a spin are now capable 
of being measured in a standard wind tunnel by means of a special 
spin balance. Heretofore, vertical wind tunnels were required for 
such experimentation, but it is now possible, by means of this spe- 
cial balance, to conduct tests in the horizontal wind tunnels. 

The model is mounted on a special head and rotated in an air- 
stream whose velocity may be varied to obtain, with the speeds of 
rotation, various ratios conforming with those of the full scale air- 
plane. While the model is rotated, lift, drag, and moments are 
measured. 

A new course to keep abreast of the modern trend toward high 
speed surface transportation has been instituted as a graduate op- 
tion, called ‘‘ Aerodynamics, Dynamics, and Structural Analysis of 
High Speed Railway Equipment.’’ Streamlined high-speed rail- 
road equipment has much in common with aircraft design, both 
structural and aerodynamic, as it touches upon streamlining, light 
construction, and the use of high strength materials heretofore used 
almost exclusively in the aeronautical industry. This course is 
being offered under the joint auspices of the Daniel Guggenheim 
School of Aeronautics and the Graduate School of the University 
with the aid of visiting specialists. 

An apparatus has been perfected for simulating the ground 
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effect on moving vehicles, such as automobiles and trains, by means 
of a moving belt capable of travelling up to 60 miles an hour. 
Heretofore aerodynamic tests of streamlined trains and autombiles 
had been made with the ground stationary relative to the model 
although the air was moved past the model. By this apparatus it 
is possible to have the model moving not only in relation to the air 
but to the ground as well. This belt has been used successfully in 
a number of tests made on streamlined trains and locomotives. 

The autogyro testing rig has been perfected to a high degree 
of excellence within the past year with the result that full scale 
performance of the autogyro can be predicted from wind tunnel 
results. The technique has been perfected so that any rotating 
blade system can be tested in the model stage with a remarkable 
conformance with actual flight test data. This is a step forward 
in the study of this type of aircraft which heretofore had to be built 
full seale before any reliable data could be obtained. 

During the past year, very interesting and successful tests were 
conducted on a ‘‘solid’’ gasoline, known as Solene, invented by 
Adolph Prussin. The fuel, made from gasoline, is a brown, waxy 
jelly, which occupies about 94 per cent of the space required by 
ordinary gasoline, and loses about 1/20 of one per cent of its weight 
in a year. A one cylinder engine was operated by the solid gaso- 
line which does not require a carburetor but must be preheated to 
become sufficiently volatile for use. This preheating is obtained by 
means of the heat of the exhaust once the engine is started. The 
use of Solene for aircraft engines would make the serious gasoline 
fires in crashes impossible. Even tracer bullets, which are used in 
anti-aircraft warfare, did not ignite the fuel, although several were 
fired into the mass in quick succession. 


Northeastern University.—An additional member of the Eng- 
lish Department in the Day Division has been added since the open- 
ing of college last fall. Dr. Edward S. Robinson, Cambridge, 
Massachusetts, has been appointed as Instructor in English. Dr. 
Robinson received his Doctorate in Philosophy from Harvard Uni- 
versity in 1932. In 1926 and 1927 he was instructor in English 
at Syracuse University, and more recently has been assisting in the 
Department of Philosophy at Harvard and Radcliffe. 

Another addition to the University staff is that of Mr. Frank 
G. Averill who has been appointed Associate Secretary of the De- 
velopment Committee which is now engaged in furthering plans for 
the University’s new buildings. A graduate of Bowdoin College 
in 1922, Mr. Averill has since been engaged in newspaper work and 
alumni activities at the University of Maine. For the past seven 
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years he has been a member of the staff of the John Price Jones 
Corporation of New York. 

Beginning next fall, the Day Division will increase the length 
of its period of alternation on-the codperative plan from five to ten 
weeks. This change is being made after a very careful survey of 
industrial conditions and trends. A large majority of coéperating 
employers indicated their preference for the longer period and the 
teaching faculty were unanimous in feeling that the ten-week plan 
would provide many instructional advantages. The change from 
five to ten weeks can be made with a minimum of adjustment in 
- eurricula and course content inasmuch as at present each term com- 
prises two five-week periods. 

A branch library has been opened this year in the University’s 
Huntington Building. Some 3,600 volumes of engineering and 
technical books have been acquired for its shelves. It is designed 
to serve primarily as a reading room and will be in charge of ¢o- 
operative assistants. 


Yale University.—Professor Wesley B. Hall, of the Electrical 
Engineering Department, resigned on February 1 in order to be- 
come head of the Electrical Engineering Department of Rhode Is- 
land State College. He succeeds the late William A. Anderson 
whose death occurred last December. 

Professor Hall graduated from Yale with a Ph.B. degree in 
1916, and an E.E. degree in 1921. He was a member of the Elec- 
trical Engineering Department from 1919 to the date of his resigna- 
tion. For the past six years, Professor Hall has been secretary of 
the Connecticut Section of the American Institute of Electrical 
Engineers. 

Robert Ernest Doherty, dean of the School of Engineering, was 
elected President of Carnegie Institute of Technology, the appoint- 
ment effective March 1, although Dean Doherty will not assume 
his duties until the close of the college year. Dean Doherty has 
been a member of the Yale faculty since 1931 when he was ap- 
pointed Professor of Electrical Engineering; three years ago he 
became Dean of the Engineering School. 
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BOOK REVIEWS 


Experiments and Tests on Electrical Circuits and Machinery. H. 
R. Reep. Edwards Brothers, Incorporated. 166 pages. $2.00. 
5th ed. Lithoprinted. viii + 166 pp. 


‘‘Experiments and Tests on Electrical Circuits and Machinery’’ 
is a laboratory test manual which may be used either by students 
majoring in Electrical Engineering or by non-electrical students. 
The experiments are so written that all or a part of an experiment 
may be performed without destroying the continuity of the work. 
The text contains all of the standard tests usually used in the elec- 
trical laboratory along with several interesting innovations. 

Special mention might be made concerning the method given 
for determining the regulation of alternators and the ‘‘V’’ curves 
of synchronous motors. 

The book is divided into four major parts. Part I, Elementary 
Electric and Magnetic Experiments; Part II, Direct-Current Ma- 
chinery; Part III, Alternating-Current Cireuits; and Part IV, 
Alternating-Current Machinery. 

JAMES A. WASMUND 


New Numbers; How Acceptance of a Duodecimal (12) Base Would 
Simplify Mathematics. F. Emerson ANprEws. New York, 
Harcourt, Brace and Company, ¢1935. $2.00. 


According to E. Cahen, a number is a sequence of enumerative 
marks, values being assigned to these marks individually and ac- 
cording to position in the sequence. Position-value depends upon 
the base (or radix). Thus, in the decimal system, used exclusively 
by all civilized peoples, the sequence 25 means 2 tens plus 5 units. 
In a system with base six the sequence 25 means 2 sixes plus 5 units 
and hence equals 17 in the decimal system. It is easy to pass from 
one base to another; to change a given number from base ‘a’ to 
base ‘b,’ decomposes the number into a sum of powers of ‘b’ so that 
the coefficients of the powers are each less than ‘b.’ For example, 
the number 16, base 10, equals the fourth power of 2 plus zero 
times the third power of 2, ete. Hence 16 equals 10,000, base 2. 
If we choose three for our base, 16 equals 121, the numbers of the 
sequence being each less than 3. 

What are the requirements for a satisfactory base? Several 
things must be considered. First, the smaller the base, the fewer 
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the rules of addition, multiplication, ete., that must be remembered. 
Second, if the base is too small the number of marks needed to ex- 
press a number increases too rapidly with the number. Third, to 
facilitate the division process the base should be fairly rich in prime 
factors. However, if it has too many prime factors, the initial 
sequence of counting digits, 0, 1, 2, 3, ete., becomes somewhat un- 
wieldly. For practical purposes a golden mean should be struck. 
Does 12 come nearer this mean than 10? If one could disregard 
force of habit and the immense amount of arithmetical literature 
already in existence, and could compare the two systems from an 
' absolutely theoretical point of view, the answer would undoubtedly 
be in the affirmative. Integral numbers would be expressed more 
compactly and more fractions would be convertible into terminating 
decimals. However, irrationals would remain irrationals and, in 
particular, it would still be impossible to adopt a rational value for 
pi by legislative fiat, as the state of Indiana once made an abortive 
attempt to do. 

Mr. Andrew’s book marshals convincing and interesting evi- 
dence of the superiority of 12 to 10 as the radix of a number sys- 
tem. But the chief value of the book, to the reviewer’s mind, is 
cultural. To many readers who have hitherto considered the mul- 
tiplication table, base 10, as the synonym for an invariable status 
quo, it will open a new vista of possibility. True, there are funda- 
mental anatomical reasons for the present base, but of logical neces- 
sity for it there is none whatever. The book contains an interest- 
ing chapter on logarithms and another on aritmetical curiosa in- 
cluding revolving numbers. 

At the back of the volume is a neat, detachable card containing 


a multiplication table for the duodecimal system. 
A. E. STanILanp 


The Next Hundred Years. The Unfinished Business of Science. 
C. C. Furnas, Associate Professor of Chemical Engineering, 
Yale University. ‘Williams and Wilkins Co. 434 pp. Price 


$3.00. 


A visitor to the Century of Progress, Professor Furnas ‘‘ was 
primarily impressed with the many things that our much-vaunted 
age of scientific efficiency has failed to accomplish.’’ In this book 
he endeavors to give to the untrained layman a popular view of 
science. He divides the book into five parts—Biology, Chemistry, 
Physics, Engineering, and Social Consequences. Under Biology, 
he deals with The Battle of Eugenics, What is Life, Our Chemical 
Nucleus, Infectious Diseases, Food, The Whole, Man, What of 
Death, The Six-Legged Pests, The Poor Plants and Ailing Animals, 
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and The Price of Progress; under Chemistry, Synthetics, Solvents, 
and Outdoing Nature; under Physics, What’s New in the Nucleus, 
Energy for the Taking, Newer Elements, and The Scholars’ Haven ; 
under Engineering, The Road Ahead, Labor-Saving Power, Light, 
Transportation, Communication, Our Mineral Resources, The Per- 
fect Farm, Agriculture Is an Industry, Food Manufacture, and 
Making the Best of Weather ; under Social Consequences, The Risen 
Tide of Invention, Leisure without Lethargy, and The Life of As- 


surance. 

The book may be read with both pleasure and profit as it is not 
written in an academic vein but is an informative and lucid disser- 
tation on the unfinished business of science. 


F. L. BisHop 
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SUMMER SCHOOL ON ECONOMICS 


The Executive Committee of the Society for the Promotion of 
Engineering Education has accepted the invitation of Stevens In- 
stitute of Technology to hold a summer session on economics of 
engineering at the Stevens Engineering Camp, at Johnsonburg, 
N. J., during the week beginning June 28. This session will im- 
mediately follow the forty-fourth annual meeting of the Society at 
Madison, Wis. A special committee has been appointed by the So- 
ciety to draw up the program of the session and to codperate with 
representatives of Stevens in making all arrangements. The mem- 
bers of this committee appointed are O. W. Eshbach, Chairman, 
Professor Walter Rautenstrauch of Columbia University, Presi- 
dent Harvey N. Davis of Stevens Institute of Technology, Presi- 
dent A. R. Cullimore, Newark College of Engineering, Dean R. A. 
Seaton of Kansas State College, Professor E. L. Grant of Stanford 
University, Professor J. W. Roe of New York University, Dean 
Dexter S. Kimball of Cornell University, Professor H. P. Hammond 
of Brooklyn Polytechnic Institute, and Professor P. T. Norton of 
Virginia Polytechnic Institute. 

The Stevens Engineering Camp where the summer school will 
be held is in the hill country of northern New Jersey, about sixty 
miles from New York City, not much farther from Philadelphia, 
and within easy motoring distance of Trenton, Princeton, Easton 
and Bethlehem. Good railroad service is available to Johnsonburg 
on the main line of the Lackawanna Railroad. Arrangements will 
be made for camp cars to meet trains at Johnsonburg or, if neces- 
sary, at Blairstown. The camp tract of 375 acres, with a natural 
lake of 30 acres, was acquired by Stevens in 1929 and developed 
for undergraduate instruction in surveying. The permanent camp 
buildings include eighteen dormitory cabins scattered through the 
woods on the shore of the lake, a dining hall, at one end of which is 
a great fireplace and lounge for evening conferences, the Bristol 
Building in which are drafting, conference and several class- 
rooms, and various service buildings. The buildings are wired for 
electric light and, where necessary, for power. The camp has a 
modern sanitary system and water is supplied by an artesian well. 
The facilities for land and water sports are excellent and members 
of the session may have guest privileges for golf and tennis nearby. 

Such summer schools for engineering teachers have been held 
by the Society in different institutions throughout the country each 
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SUMMER SCHOOL ON ECONOMICS 


year since the completion in 1929 of the Society’s general investi- 
gation of engineering education. The first summer school in eco- 
nomics of engineering was conducted with the codperation of 
Stevens Institute of Technology on the college campus at Hoboken 
in 1932. Later announcements by the committee now appointed 
will give detailed information desired by members of the Society 
who may contemplate attending the 1936 camp session. It is ex- 
pected that the fees will not exceed those of previous sessions. The 
inclusive fee for all expenses in camp, including board and lodging, 
which has been set tentatively at $40. This fee also includes the 
registration fee of $10 allocated to overhead costs and speakers’ 
expenses. 

It is proposed to open the session with a meeting of general in- 
terest and to have two morning sessions and one evening session 
each day from June 29 until Sunday evening, July 4. Afternoons 
are to be reserved for recreation and for informal conferences and 
conversations. 

Other summer conferences held at the Stevens Camp, including 
a National Occupational Conference and an annual economics con- 
ference for engineering graduates, indicate that the atmosphere of 
camp is favorable to free and informal discussions and that satis- 
factory provisions are made for the comfort and enjoyment of such 
a group as will compose the S. P. E. E. summer school. 
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LET SCIENCE ARBITRATE 


heated arguments of this kind, the color 
er is the court of last resort. Recording 
stoelectric spectrophotometer is the official 
of this device, which was recently ex- 
ited at a scientific meeting at St. Louis. It 
wgnizes an infinite variety of hues and 
des; it distinguishes differences in color too 
ght for human eyes to detect; it automati- 
records the exact color prescription. 


le spectrophotometer is especially 
ful for standardizing th color specifications 
inks, dyes, paints, “asi and textiles. It 
es obsolete such vague descriptive names 
blue-black, blue-white, and yellow-green, 
substitutes carefully drawn graphs extend- 
over the whole visible spectrum. The 
tion of the device, which is automatic, 
mds upon an ingenious combination of a 
otube and thyratron tubes with a precise 
ical system 


Pe previous method of making exact color 
usurements required hundreds of tiresome 
ings and consumed most of a day. The 

wrding spectrophotometer produces a curve 

tmparable accuracy in three minutes. 


1 LIGHT ON THE MIDDLE AGES 


al ecclesiastics would cry “Witch- 
it!” could they see the cathedral at Burgos, 
in, tonight. Carefully wrought details of 
itecture and ornamental carving, never 
clearly seen in all their seven hundred 


ELECTRIC 


News 


years, now stand forth in bold relief. The thir- 
teenth-century Gothic structure glows, for two 
hours each night, in the light of a battery of 
modern General Electric floodlights. 


Burgos was, for centuries, the capital of Old 
Castile, the kingdom of that Queen Isabella 
who offered to pawn her jewels to finance Co- 
lumbus’ momentous voyage to America. Now, 
after 444 years, American lighting equipment 
returns to add luster to what was one of the 
most important of Isabella’s possessions. 


DIG HERE 


In the old days, a mysterious individual, called 
a dowser, with a forked divining rod of witch 
hazel, used to be called in to locate lost articles 
buried in the earth. A new magnetic detector, 
recently developed in the General Engineering 
Laboratory of the General Electric Company, 
is now substituting science for magic and hocus- 
pocus. With uncanny accuracy, it is tracking 
down lost pipe lines. 

Water and gas pipes are often lost because old 
surveys are inaccurate or because records have 
been destroyed. Digging up a whole street, in 
order to find a missing pipe line, is expensive 
business. The new detector has solved this 
problem by successfully locating pipes laid 40 
years ago—pipes buried as much as seven feet 
below the surface. In one case, pipes were found 
fully 100 feet from their supposed location, and 
the detector spotted them within one diameter 
of the pipe. 
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When one of the largest manufacturers of automobiles in the world in- 
stalled a new research laboratory, they called upon OLSEN to furnish test- 
ing equipment and selected the machine illustrated as one of several OLSEN’S 
to be used in testing their materials. 

This installation is a 100,000 pound capacity OLSEN Universal Testing 
Machine. It has the standard three gauge hydraulic-support weighing sys- 
tem, and a hydraulic loading system. 

An additional new feature in this type of machine makes it unusual. 
This feature is the stationary working table which makes an ideal arrange- 
ment when taking accurate measurements. 

The machine is equally as well suited to routine testing as to research 
work, the weighing system being as accurate at fast speeds as at slow speeds 
required in research work. 

Bring your testing problems to OLSEN. Our recommendations are 
backed by more than fifty-five years experience. 

Description of our varied and unusual line of testing machines, instru- 
ments and balancing machines will be sent on request. 


TINIUS OLSEN TESTING MACHINE COMPANY 


502 North Twelfth Street PHILADELPHIA, PA. 


Scientific Testing Supplies | 3 
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A Complete Plant 
Under One Roof 


PRINTING ~ BINDING ~ ELECTROTYPING 


PRINTERS OF 


SCIENTIFIC AND TECHNICAL JOURNALS 
AND Books 


THESES AND DISSERTATIONS 


WoRrKS IN FOREIGN LANGUAGES 


Your Book, Journal or Thesis placed with 
us insures that the composition, proof-reading, 
electrotyping, presswork and binding, follow 
through in consecutive order in one plant 
—established fifty-nine years ago—and 
under the supervision of one management. 


LANCASTER PRESS, INc. 


LANCASTER, PENNA. 
Established 1877 


[Printers of The Fournal of Engineering Education] 
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colleges during the fall semester. 


I. C.S. INSTRUCTION TEXTS 


The following titles are chosen from the list of about 500 small 
bound volumes of International Correspondence Schools’ texts, 
because of the fact that they have been the leaders in the sale to 


sold in total quantity of more than 250 copies each since August. 


Title 
High Speed Diesel Engines .............cceceecseeceees 


Diesel Engines, Details and Management ...............- 2.00 
Stationary Diesel Engines « 
Application of Refrigeration ............eeeecceeeeeeee 1.25 
Interior and Exterior Lighting ...............eeeeeeeeee 1.75 
Science and Art of Illumination .............--e.eeeeee 1.30 
Elementary Perspective Drawing ..........e+eeeeeeeeees 1.50 
Remforced Concrete 1.75 
Earthwork and Retaining Walls ..............seseeeeees 1.75 
Mapping and City Surveying ..........:.eseeeeeeeeeees 2.00 
Municipal Sanitation 1.75 
Building Superintendence 3.50 


Send for catalog and on-approval copies for examination 


INTERNATIONAL TEXTBOOK COMPANY 


SCRANTON, PENNSYLVANIA 


Several of these volumes have 


Price 
$1.80 

1.25 


